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TI TLE | nproved adenoviral vectors and uses thereof
FI ELD OF THE | NVENTI ON The invention relates to the
wo p@bad480 nedi ci ne, nore in particular to the PCEEP200$/055183
t herapeutic and prophylactic treatnment, by using
reconbi nant chineric aden?i&égl vectors conprising a
therapeutic nucleic acid i cci ne conpositions.

BACKGR@INED ) Tt INVENTI G dResodThi i s eyt & ot
vectors are widely applied for gene therapy
appl i cations and vaccines. To date, 51 different

adenovi rus serot yEq_eLsL@gd/Eﬁ ﬂ?ﬁ%&\%@ﬁéﬁ ed. The

subgroup C adenoviruse ave been nost extensively
studitesl frovemipipdn cadlatrss suechtlas fenkd tdirmgyicine, more

. especially serotype 2. 5 (Ad2 and Ad5) are widely
iRt fetar obd RS il raRSUCES T var | ety
pRbpkl 1 ef £nte PALPRSES, BPCh&h PO VAGE N AOchimeric

I mportantly, Ad5 vectorbased vacci nes have been shown
adenevieil yotleouns apempr bt bed i ¥ cthemapeutesponsksi¢ meald

iHaééggy?gI?ééﬁggi%gg | s. Moreover, large-scale

clinica V vaccination are ongoing in

whi ch Ad5- based reconbi nant vectors are being used (WO
01/02607; WO 02/22080; Shiver et _al. 2002; Letvin et

al . 2002; Shi ¢BFRGRAUER RF THBOBNYENTIGNever, the

ut i | hd Yo s A LCONDEDANT 1 AL YOOt OF 5 b%_s@dwi@&f# nesofPLq
H vV and ot her pathogens wll Iikely be signiTicantly
for njerel byerdey hghl serbopreydrhceaofines- Bpeddtféc 51
T LELELAS011 D0k 25, L1040 TWIRY, PO 2418 e
subgroup C adenoviruses have been most extensively
studied for applications such as gene therapy; especially
serotype 2 and 5 (Ad2 and Ad5) are widely used in the
art. Recombinant Ad5 is used in a variety of different
purposes, including vaccination. Importantly, Ad5 vector-
based vaccines have been shown to elicit potent and
protective immune responses in a variety of animal
models. Moreover, large-scale clinical trials for HIV
vaccination are ongoing in which Ad5-based recombinant
vectors are being used (WO 01/02607; WO 02/22080; Shiver
et al. 2002; Letvin et al. 2002; Shiver and Emini. 2004).
However, the utility of recombinant Ad5 vector-based
vaccines for HIV and other pathogens will likely be
significantly limited by the high seroprevalence of Ad5-
specific neutralizing antibodies (NAbs) in human
populations. The existence of anti-Ad5 immunity has been
shown to suppress substantially the immunogenicity of
Ad5-based vaccines in studies in mice and rhesus monkeys.

Farly data from phase-1 clinical trials show that this

problem may also occur in humans (Shiver 2004).
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shown to suppress substantially the i mmunogenicity of
Ad5- based vaccines in studies in mce and rhesus
wornkeys3o Early data from phase-1 clinical trprel/BEPR0SIF5183
that this problem may al so occur in humans (Shiver
2004) .One promising strate to circunvent the.
exi SUERARE PP X TRy i %Jrlf"yuﬁ“ﬁe%d%? derst gtence
o:pg@ﬂé%bsis/tim eGhirRgh W § i d hien dDSt OIS deHBEs 1y
~adenoviruses (such as Ad5) , involves the devel opnent
1pfe¢ bl Hanth s B DF sSCITER deErpyvi dARNSEF i spes (Tt as
o ‘ < Dot . hil
AE D o FAF A o e Ernatl R e oY
fipam tadenarl yussedtdt wres based dn set odrypasntidr 2A6ch 3dre-
35,, 48, 49, and, 50 a}s; was sgown i, N 00/ 70071, WO
357 Uik sLUHR WG 90483702 9pRRY L 4R d o VEGGRIS Lhak) were

12003 rie P erise hower foungripaisatsp denoviddisord
(Ad24) is of particular interest as it is shown to be
seroyreserbt yper (WD 2004/ 983448) anh 3¢ ms rastghewyyln

W P A PR 85 W R R LREE PR lEee
Ve@es hprevad Bncz0 0 ) huneine sampes foumdytlaate dbswever

%)rgl i cabl e for_ human, use_since, it. was, shown that these
adgnARekIE otit d(z?*c}ﬁ”e)ctl%m%ri’%retﬂ%u]r#v%rf?%r?%as it 1s

s P0028% IQ 2004 D373 gwéb%@/@é@m)that

adenovirus serotype 35 (Ad35) vector-based vacci nes
could simntlar potenteaeliulasédmmethesponses sihmtan

re not_significantly suppresse anti-_Ad5
SR Sk i dr WEBOERL B ¥ Jyimgos-
THR Y1 &t 1lyi t Chi I ngeeomekenDVe if ¢k ebn Havea b eeimshoyn Tigey
elicit imune responses that were mnjnmally affected
gy WSRO RRhrAR e (Far i e wie sHweR; ihivwd Ehow

that these viruses could infect human cells in vitro (WO
03/000283; WO 2004/037189).

It was shown that adenovirus serotype 35 (Ad35)
vector-based vaccines could elicit potent cellular immune
responses that were not significantly suppressed by anti-
Ad5 immunity (Barouch et al. 2004; Vogels et al. 2003).
Similarly, chimpanzee adenoviruses have been shown to
elicit immune responses that were minimally affected by
anti-Ad5 immunity (Farina et al. 2001; Pinto et al.
2003) . It was recently demonstrated that neutralizing
antibodies (NAbs) and CD8' T lymphocyte responses both
contribute to anti-Ad5 immunity, whereas Ad5-specific
NAbs appear to play the primary role (Sumida et al.
2004) . Although this development appears to be a very
useful approach, it was also demonstrated in mice that
Ad35 vector-based vaccines proved less immunogenic than
Ad5 vector-based vaccines in studies in which there was

no pre-existing Ad5-immunity (Barouch et al. 2004).
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2003) . It was recently denonstrated that neutrali zing
anti bodi es (NAbs) and CD8 + T | ynphocyte responses

W oedoh/0essd ri bute to anti-Ad5 i mmunity, wher easPCT/EP2005/055183
Ad5- specific NAbs appear to play the primary role

(Su 2004) . h .t his, el opnment

appe %elfleér saefIi'ﬁ pjd?o%% fsjr‘?cjf%éogl so
ami@é Qﬂﬁérﬁbxﬁiﬁeﬁl ted £ AESB 5L VAE t @6 - RS Esh Y&kt &8 Spre-

proved | ess i nmunogeni c than Ad5 vector-based vacci nes

e*#ﬁ%%%l Jéemlillhl’@ﬂfﬁ%hl@ hete RRst ndpr etiad satlf%gs’clll
s B2 d %ggjﬂ e ) ere is
& need in %e f| Jf’%réfaﬁit%?%%? St% %w ralfﬁ%]/ectors

ré¢ dabn ges rmgazefmtoutriterpm‘eeaxs sénadedmomi thes in the

host,. but that are sti]l immun elpadc | e of
hq A TP S 1OREES Tt eesa o aote RBeEt B A

c&repded, Py ide;deter ol ogous nucl ei c aC| ds inserted in
the nucleic acid carried by the vector. BRIEF

DESCRI PTI ON OF THE DRAW NGS Fi gure 1 (A) shows the

ercent age r d Ad35 in

el o ProdRIRE' BRSEKSPEROR BF MR pRAWINER] X
FZambd al ati) Soubs Aflié qaercﬁeB)te&_h@WSf theraerdval ¢zcagof

ant i bod titer aj nst Ad5, AdIl and Ad35 in the
adSmh f@%msqugl SRR FRR o KOt I PbE o S e aC

a?i‘t?ﬂ\’s B | & 19 B0 | hodvn tat e cRga[BStsH8les the
Ad5f 35, Adbsf 35p35 Ad35f5 and Ad35 in these sanpl es.

n@ntgmlelzzqux)arsmm@dy hieltmﬂcl @q@lra%t &@@qu@@e et iy in

t he Ad | ber [ qt ar
g Bdr }? b nob |s un er n %I])cg %}guﬂe kC
shdwes a&n@m@mﬁbsfﬂm@mﬁbd@ﬁ ASSKk Sada hest s gi n

encodi
C&ﬁ%& t he §)art C?r esenting the Ad5 f| ber
4SAQ§§ﬁ§E$%ed5d S§yand Ad35 inthese samples.

Figure 2 (A) shows the nucleic acid sequence encoding the
Ad35k5 fiber protein (SEQ ID NO:1; the part encoding the
Ad5 fiber knob is underlined); (B) shows the amino acid
sequence of the Ad35k5 fiber protein (SEQ ID NO:2; the
part representing the Ad5 fiber knob is underlined); (C)
shows the nucleic acid sequence encoding the Ad35f5 fiber
protein (SEQ ID NO:4; the part encoding the remaining
Ad35 fiber fragment is underlined, while the BsiWI
cloning site is represented in small caps); (D) shows the
amino acid sequence of the Ad35f5 fiber protein (SEQ ID
NO:5; the part representing the remaining Ad35 fiber
fragment is underlined); (E) shows the nucleic acid
sequence encoding the Ad35k26 fiber protein (SEQ ID
NO:80; the part encoding the Ad26 fiber knob is
underlined); (F) shows the amino acid sequence of the
Ad35k26 fiber protein (SEQ ID NO:81; the part
representing the Ad26 fiber knob is underlined); (G)
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shows the nucleic acid sequence encodi ng the Ad35f5
fiber protein (SEQID NO 4 ; the part encoding the
wo eovaiomizagy Ad35 fiber fragment is underlined, BI/ER20051€55183
Bsi W cloning site is represented in small caps) ; (D

h th d f the. Ad35f5 fi
P i (RO D O SRS o ™ SR B ant i THE

£ 1168 it dvge A 3B bes 0 agEnthé Sspandesh i@ty ; thdE)ad49
shows the nucleic acid sequence encodi ng the Ad35k2 6

f¥haerkapt et MSEG 1TeNG 60, IHeTparite eHtHRr ML ithe

éz?&ged&séeqﬁgace % jﬁé A%&%ng%o %irlll:?or%#gl n (@Q@D ©

pdNCGE ﬁe]pre’esh@upmg tlepriadent fge t hendl2i 6 dndeerl konod) § s
underlined) ; (G shows the nucleic acid sequence
encodi ng the Ad35k4 9 fiber protein (SEQ ID NO 82;

Fifierdag e di NG F Nee 4 Sspdbes Khcd$ whwerdd nery
(H shows the am no acid sequence of the Ad35k49

949 berompr ot et ISEQ T My e g8tce H@%r&dieﬁ@%mb%@w

A48 hd R o e Tl e S S S g
gémg e | @dmed r orv et avi miecaM 11 é’cdtSedAdﬁtEi’ﬁ embty Bt tors

Ad35. BSU and Ad35 vectors carrying the SIV

(R MR 3o e § FRoRar oY 1< e cféel?ﬂrﬁfe%t%%cm h
Yeyeed ors (Ad5. enpty and Ad35. enpty) . The

y-axi s depicts SFC/ 10 6 splenocytes . Figure 4 shows

t he irmunogeni ci ty of Ad5, Ad35k5, and Ad35 vectors

Fjl% resf"%r?ows the Iﬁguﬁgggrfnlmcﬂlgfa?wo%é]% ?ﬁdyﬁé,( é)m

AdEMJ (Pt drg e@tpmv@smfg 1900 vy AUD-pEy it d®y with 109 vp
muni zatj on with 108 vp of the respective vectors. In

(Aa)l Ia%‘ésje% VEag B pe & v tEDE®F eT HFHSHEAH €Y é’§§6‘n§é’§ (C)

o fo (D) injections of 10'° vp Ad5-Empty prior to
immunization with 10® vp of the respective vectors. In all
cases, Gag-specific CD8" T lymphocyte responses were
assessed by D°/ALll tetramer binding assays at multiple

time points following immunization.

Figure 5 shows the anti-vector immunity elicited by
Ad35k5 vectors in mice. (A) Naive C57/BL6 mice primed at
week 0 with 10° vp Ad35k5-Gag and boosted at week 4 with
10° vp Ad5-Gag or Ad35-Gag. (B) Serum samples from mice
injected with 10° vp Ad5-Gag, Ad35k5-Gag, or Ad35-Gag
assessed in Ad5 and Ad35 luciferase-based virus

neutralization assays.

Figure 6 shows the immunogenicity of Ad5, Ad35k5, and
Ad35 vectors expressing HIV-1 Env in mice. Naive Balb/c
mice were immunized with 108 vp Ad5-Env, Ad35k5-Env, or

Ad35-Env. (A) Env-specific cellular immune responses
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assessed by Db/ AL11 tetraner binding assays at

multiple time points follow ng i munization. Figure 5
WG bmes43he anti-vector imunity elicited by AdBSKBP2005/055183

vectors in m'ce. (A) Na ve C57/BL6 m'ce primed at week

Owth 109 v 5k5- Gag and week 4
S U AR O Db Gt o By Sofipl e T
spé €Ef i &) eot-ed m;;t_md@%s@aﬁﬁ &0, ERE3SKS- s Wimoral
Ad35- Gag assessed in Ad5 and Ad35 | uciferase-based

YR FRIRGRITIATWSWARE EYure 6 shows the
i munogeni city of Ad5, Ad35k5, and Ad35 vectors
expressing H V-1 Env in mce. Na ve Balb/c mce were
Figuami Zzeshawd htﬁé)&mmmd@erﬁm;tﬁdﬁskﬁédﬁnvAdwk5, and

5- Env Env-specific cellu]ar 11
nd58 Nttt A O 20F Taen Eer S T i Mo Gt gpet®
vlpelﬂliﬁ)d@aﬁ?ePAfB)C, | &6 9-dd SROD RS s s - A&:Bakﬁrtyagsp@@,lﬂ c

hunor al 1 nmune responses assessed by ELI SA. Figure 7

Aghdemk ther | e s t5eefived, a AuIBrEo g Peast

lvp rﬁ&d%;%gg Egﬁ?\g; ﬂ;\ @%ﬁtg@;&(\#&g © angkkd%gkwég)l(lE

r@poﬁemdbsﬁééséﬁ)rﬂxﬁyﬁodwﬂ pregslc Bddn oTEN-6g RIST SPOT

boost i nmunj zatjon.. Env- and ecific cel|ular
A3 PR é%lb]o%%]s Wetee é%%%%%%df%&/l%%%dl%lﬁi%%t%% g

(&L SEOT @éé@%?—%eéﬂlﬂé A, ti P POI M S FOLLOMAY by adS
i uni zation (A, E ) . Vector-specific NAb titers

anerad 3z sebsed mg/umlomlmwtm&mam fRedRrB) i zati on
assays (B, D,F ) . Figure 8 shows the CD4 + and CD8+
T | ynphocyte responses in nonkeys in the study
Filpseds | beshdws Filgerepd” .anoaosd peptmgRobiNegrEEpSREEs in
assays were performed usi ng CD8- depl eted and
MR ¥ p} ot e PEELY o rorfkysh df1gigek A6 Pooled

peptide IFN-y ELISPOT assays were performed using CD8-
depleted and CD4-depleted PBMC’s from monkeys at week 16
following immunization. Monkeys received 10t vp (A) Ad5-
Gag, (B) Ad35-Gag, or (C) Ad35k5-Gag at week 0 and week
12.

Figure 9 shows the immunogenicity of Ad5-Gag,
Ad5HVR48 (1) -Gag and Ad5HVR48(1-7) wvectors in naive mice
receiving (A) 10° vp, (B) 108 vp, or (C) 10’ vp. Gag-
specific CD8" T lymphocyte responses were assessed by
D°/AL11 tetramer binding assays at multiple time points

following immunization.

Figure 10 shows the immunogenicity of Ad5-Gag,
Ad5HVR48 (1) -Gag and Ad5HVR48 (1-7) vectors in mice
receiving (A) 10° vp, (B) 108 vp, or (C) 10’ vp, pre-
immunized with two injections of 10'° vp Ad5-Empty 8 and 4

weeks prior to immunization.
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foll owi ng i muni zati on. Mnkeys received 1011 vp (A

Ad5- Gag, (B) Ad35-Gag, or (C) Ad35k5-Gag at week O
waeaeasko 12. Figure 9 shows the i mmunogeni ci t pCDEP2005/055183

Ad5- Gag, Ad5HVR48 (1) -Gag and AdS5HVR48 (1-7) vectors

in na ve mce receiving (A 109 vp, (B) 108 vp, or (O

107 vp. CGagspecific CD8+ T | ynphocyte responses were
FESSESSED Syokd/id |l ark Bl a@Td b glidcASEIWES BY NO:12) of

nultlgle time points foll ow ng inmunization. Figure 10

ks RS TS ¢ FrrRAveRfR P 69 /1 Tof Wd@l&ige IREHWRRR {190 -Tag

t 109
B Tt b, o (5 1oy et d i o
(umject irnad) of r& 14D AREEHVRAY (B-and. 4 weeks pri or to
I mmuni zation. Figure 11 shows the am no acid sequence
(SEQ ID NO 12) of the Ad5-based hexon protein, wth
riderd Neorposd | e ofmihe SeVens né&e f pSE@ NED SQYEM) of
corresponding H/R s (underlined) from Ad4 8 (Ad5HVR4
tige (AdFjbgsedti hpren IRratwik, twethnihe Jarmwmmmre of
) t VVI th
té%&%ﬁ%&)&&ﬁ a% %%ﬁ o’%}b?eh(@‘g%l\gzﬁgﬁﬁ%%%@ﬂ&t e seven
(wodeeshoad) nfrddvRAA3S (((EaEvR e -Trom Ad35 ( AAJSHVR35
(1-7) ). Figure 13 shows the am no acid sequence (SEQ
ID NO 14) of the Ad5-based hexon protein, with the
Fi NGRS POS alh Qs Of hd hgn Sy elc VR e gud e t EESEMEMNO: 14) of
corresponding HYR s (underlined) fromAdIT (Ad5HVRII
tl(q mSjbaﬁcgdr@xqm Bhovein her b nidl@cirdcgmmeaﬁcieor( SHQ

the seven Vﬁﬁ t#‘ §3Q§§%9 hengé 55% h the
I NCOor pora |on 0] ]fhe seven Jhe seven

(Crod< €5hosdl NBrdivVRAdB1 (Ad5HVRll(l 7)

Figure 14 shows the amino acid sequence (SEQ ID NO:15) of
the Ad5-based hexon protein, with the incorporation of
the seven HVR’s for the seven corresponding HVR’s

(underlined) from Ad26 (Ad5HVR26(1-7)).

Figure 15 shows the amino acid sequence (SEQ ID NO:16) of
the Ad5-based hexon protein, with the incorporation of
the seven HVR’s for the seven corresponding HVR’s

(underlined) from Pan9 adenovirus (AdS5HVRPan9(1-7)).

Figure 16 shows the intracellular gag-staining in a
background setting (no infection, graph 1° & 2° Ab) and
after infection with Ad35k5 (two batches: #4, #5), with
Ad35k26 (two batches: #3 twice, # 28) and with Ad35k49
(three batches: #4, #5, #9).

Figure 17 shows the amino acid sequence of the hexon

protein in Ad5HVR48 (1-7)* (SEQ ID NO:84) in which the
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(underlined) fromAd2 6 (Ad5SHVR2 6 (1-7) ). Figure 15
shows the am no acid sequence (SEQ ID NO 16) of the

wd®eloased hexon protein, with the incorporatiPer/BP200es55183
seven HYR s for the seven corresponding HVR s

derlined) f 9. ad ' Ad5 9.(1-7
g e h i THe T r dbelTEl Srhate Sa Y 1 T HR2
s@@&%@m@miﬂ@gt& neath 1d ecy | D, rPp Bpfed W 2h AD)o@nd
after infection with Ad35k5 (two batches: #4, #5),

Lipker QbR T twol Pat cHreeerdng vire et her dahinhel o tht
k t X , i e shows
Tt eéafrln\?n%éxgécieigeﬁqﬁ%ﬁ%aec OC? ?%éﬂ%éeﬁ%%d%r%?&ei%&?%
Ad5HVR4 8 (1-7) (SEQ ID NO 84) in which theHVR

FLERNED Aot WHEE (b Tabte T (AT SeEle U 1 nSFed?
Ndigker and HVR3 - HVR7 according to the definition of

Tabl e IV have been repl aced between Ad5 and Ad4 8 .
Figure 18; as figure 17, now for Ad5HVR35 (1-7) (SEQ

PO P9 2o TR 187, Bpal | B Syddinyitown 1 OF) AOREMETLD
NG oB6Ad5HVRA 9 (1-7) (SEQ ID NO. 87) . Figure 21 is a

graph indicating the CD8+ T-1ynphocyte response in
m ce after a double pre-inmmunization with Ad5-enpty,

rightoves, bys ar D4ia Ny O Eays O AT AdSS: 3ag) angsey 1D

boost on day 28 with three different vectors as
N n@fikcat ed. SUWRRY OF THE | NVENTI ON Newl y devel oped
reconbi nant adenoviral vectors for

Figure 21 is a graph indicating the CD8+ T-lymphocyte
response in mice after a double pre-immunization with
Ad5-empty, followed by a priming on day 0 with Ad35-Gag
and a boost on day 28 with three different wvectors as

indicated.

SUMMARY OF THE INVENTION

Newly developed recombinant adenoviral vectors for
improved gene delivery, vaccination, and gene therapy are
disclosed herein. In one preferred embodiment the vector
is a recombinant adenovirus based on adenovirus serotype
35 (Ad35) wherein at least the Ad35 fiber knob has been
replaced by the fiber knob of a serotype that binds to
the Coxsackievirus and Adenovirus Receptor (CAR). More
preferably, this serotype is an Ad5 fiber knob (resulting
in a vector termed Ad35k5, wherein only the knob has been
replaced, or in a vector termed Ad35f5, wherein the knob,
shaft and part of the tail have been replaced). The shaft
and tail of the fiber may be of the carrying backbone

serotype, i.e. Ad35, whereas the invention also relates



10

15

20

25

30

i nproved gene delivery, vaccination, and gene therapy
are disclosed herein. In one preferred enbodi nent the

WO e@h040386 a reconbi nant adenovi rus based on aPETNBP10NEE55183
serotype 35 (Ad35) wherein at |east the Ad35 fi ber

knob has b | d he, fiber knob_ of t
£ BT ot 0 HE COR bl ko U Sh i ademads e P
sReseptOrad GAer MME fEedEyEd] Yin tAdS5 SRrEhy ASatsS @

Ad5 fiber knob (resulting in a vector terned Ad35k5 ,
thhefih B7T30R heekhobr st e PP I TR YRS @nsures a

rs j . t
P e G TR O B o5 g R P el te
fof the gidductrayn bef oftdlhke caratydng. UEoK bomet ses ab§ pehe

i.e. Ad35, whereas the, invention also. relatesto .
PRI P THE Wt €h SHEPGHER t2 donai FPTRE 0 el Shme?cid of
iSEs L YPE B fd P51 KNOhSETOt Y PEeid NeEBSE S 4he1 Payn1 of

the tail region left fromthe backbone serotype

fenstresine pFoparurpREsact i on with the remaining part
of the CﬂR?é&{ﬁ SO, PLOAdUC LoD, Of s $1AD! £4YEGT L1 S -
The vectors o e present ! ivent | on conprise a
védesapethatt dnedehtteaclar gbrerdsetr €sing prefietaby yim most
nucleic acid that is applicable for vaccinatjon

Ohurposagnan P ettt o't etatdst o Petthtnmito induce
a ASERONG T BhmY Rt AL Sd Al SACOMNK SFhd O PI Gs®XiBdddd by a

imunity in nost of the human popul ation, while stil
niyel e abt d t eonpidieed vt tlohgré ameme Tebponseaclysdved by
th; ant i gen_encoded byeginucleic cig g@n@rised by the
t

producing Jrecombindnt TS ba%F o) ernoyirus
vector. i'$1'S achi eved Yy proauci ng reconnil nan

s&est PFSs baswch afs aRENDY | KB4 S exdt ¢ persd3 suckd s, Ad4dg,
Ad24, Ad26, Ad34, Ad35, Ad48, Ad49, Ad50, or sin an .
AGHINOVE? Us T THPFIA rfgd%_n%‘mlﬁﬁ?%r CEHSTH T e EhiTRrte

c&ﬁ@ﬁﬁg ﬁﬂgﬁgﬂfﬁ%%{ék%ﬁpé&&“é%ﬁﬁ&fggg fiber proteins that
are partly based on fiber proteins from human adenovirus
serotypes different from the backbone vector, and that in
a most preferred embodiment bind (through their knob
domain) to the CAR receptor. Many different adenoviruses
that preferentially bind CAR can be used for providing
the fiber knob, such as human adenoviruses from subgroup
A, C, D, E, and F, and ovine adenoviruses that also bind
CAR. Preferred adenovirus serotypes that are used for
their fiber knob domains are the human adenoviruses from
subgroup C, more preferably Ad2 and Ad5.

In another embodiment the virus produced according
to the invention is a recombinant adenovirus based on a
subgroup C adenovirus, preferably Ad5, which is made
replication-defective by a functional deletion of the E1
region and wherein the hexon protein in the viral capsid
is a chimeric protein such that one or more of the hyper

variable regions (HVR’s) have been replaced by the HVR’s
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are partly based on fiber proteins from human
adenovirus serotypes different fromthe backbone

woembo4033@and that in a nost preferred enbodi meptT/BP20d5/055183

(through their knob domain) to the CAR receptor. Mny

ddi]‘fe ent adenoviruses that referentialély bi nd CAR
SR TR § O ARG e TTERr RO YLl P 5
s Sl edl® ik & tt1 S5 & i o 5 W O Un Anest€ of khe E , and F

, and ovi ne adenoviruses that also bind CAR Preferred

ingienbiia ls Seriotsy geanamharoritka userl- fioreferred fseretypes

b I : oV i e o) up
R 8 Rl Ot e s~ T bt e R
Penfchimvent tie wmeaarsbjmaducedras cosmpnigs¢® 4 he

invention is a yreconbi nant_adenovirus based on
h%ﬁ%@?n]g%o@a% R T RS Dref el ABTHS a5t "%hi th T3 Mfade
deBPFd £ | oh-ded ecddverdy srdpmgtd onad sleletd opaicide

El region and wherein the hexon protein in the viral
PeEps$eSis a chineric protein such that one or nore of

the hyper variable regions (HVR s ) have been

repl aced by the HVR sderived froma rare adenovirus

serotype. Such rarpE™er@®@y mEs ko pmtoencount er NAbs in

nost_ of the individuals in the human C&g ul ati on.

Pr ef&f rdtP SET Y RO trat A& PITY 19 PRYRL t FRETRAE
afe A A3 andd Adds 8 s &) el &ii d e ecopbi nant

virus conprises a heterol ogous nucleic acid of
ne¢ytezbbiinhaantisbedidee Mbyveregbt catheorpsent gin most
ur poses Al.LED

o b dRR bt e R € By B Ao o Hehe
wiVEEt OySe aF Erianel €tbudh ttied rd iste bynt heaxd stenses Dis
neutraljzing anti bodies (NAbs) that are present in
PHp3gnt in the viral coat induce antibodies in the host,
it has been demonstrated that the primary target of AdS5-
specific NAbs is the Ad5 hexon protein (Sumida et al.
2005) . This led to the idea that, by changing the hexon
protein such that it could no longer be seen by the pre-
existing NAbs, improved adenoviral vectors could be
produced that would be beneficial in humans that either
already have NAbs against Ad5, or that were previously
immunized with previous vaccines based on Ad5, or that
were primed with Ad5 based vectors in a prime/boost
vaccination regime. However, altering the hexon protein
turned out not to be an easy task. Complete hexon changes
have generally only been possible between adenoviruses
within the same Ad subgroup and resulted in poorly viable
virus (Youil et al. 2002; Gall et al. 1998; Roy et al.
1998). If this would be the limitation then a wvector
based on Ad5 had to contain a hexon protein from another

subgroup C adenoviruses. However, most of these, if not

all, are useless in the sense that those serotypes are
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of the human individuals due to a prior infection wth

wld type virus. Al though the different capsid
WEe@b®e#a330 present in the viral coat induce antPODEP®S5/055183

in the host, it has been denonstrated that the primary

target of Ad5- specific NAbs.is. t Ad5 hexan protein
nolintterer rShsoaost Wik Rt (R MR Pl o
pEHangt 1eh thevdexade St Qb Stisd tihatsdtoepsd sl Nom
| onger be seen by the pre existing NAbs, 1 nproved

SIErOW 1@l Vectdrsd del RE D prodiucediihat hepr Beem a
s%@aﬁ%% & d%ﬁ, s Snddal, &L 0eL - %%Izil/k?édz}’l@?é’cgvﬁ '\%b?c‘%ent.

or that were previous I muni z
Thos v i 108USe VaEiod thgse Dassesl e datbinant T hafowved einprsulegiroup

B LARHE iyt St et 2 bRt br AT (AR
AdWS) to be an easy task. Conplete hexon changes have

generally only been possible between adenoviruses
Wi t HFRe t eV eipeer AP S Ul avipe 3emt riesvenieen mpoorngw for

' [ (Xoui I )2 . . 1998:
tﬂ%iﬂe S%ﬁﬁe‘lgsd%w fafipy CODATEIALE | BecifiObarts
of helie eharesi adndase i DinAdD dartk ¢ ovLoival dp@r dextonand

rotein from anot her subgroup C adenoviruses. However,
aﬁ%%%a%]fe thiesectyre rpd F§uenee lf_éaet’r%ssc‘?%tﬂfé SRS
cdiBd Bosg SEf PlyPesn@r Enetd Consi fes st raE L1 Mt in

i ndividual s in the human popul ati on ‘have once
Preedotit ke etk edreb seant ypesusevntBabgrotprGble tanguteuld

be preferred t.o. use a hexon. from a,serofype that
PR ROl Ehebiml PRI T Teatly Bredent S Tiote rare

sSeFOfpyPestizdte Dredosedatd | pyrdoide e Stbgsobp HBriAshih,
Ad34, Ad35, Ad50) and D (Ad24, Ad26, Ad48 and Ad4 9 )
or e TRy PHFLT h@%%%%malf%v‘e@&lorﬁ%% &P £ or

Ad34, Ad35, Ad48, Ad49 and Ad50, as these serotypes are
known to encounter low pre-existing immunity (see WO
00/70071) . More preferred are Adll, Ad26, Ad35 and Ad48,
whereas Ad48 is the most preferred serotype. Also non-
human adenoviruses are interesting in this respect. One
preferred example is the chimpanzee adenovirus Pan9.

The regions that were identified are the 7 surface
loops also known as the hexon Hypervariable Regions
(HVR’ s) . The hexon variability among adenovirus serotypes
is concentrated in these 7 loops (Crawford-Miksza and
Schnurr. 1996). It is to be understood that the invention
is not limited to the use of the HVR’s of Ad48 as
outlined in the examples. This is further substantiated
by the identification of HVR’s in Ad5, Adl1l, Ad26, Ad34,
Ad35, Ad48, Ad49 and Ad50 in a somewhat broad definition
(see Table II) and in a somewhat more limited, a more
minimalistic definition (see Table IV). Ad48 serves as an

example for all other serotypes that also encounter low-
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the first tinme showmn that by (re-) defining specific

parts of the hexon and by using a conservative
wappso#ash and avail abl e structure and sequencePCHER2005/055183

certain regions could be identified and could be

resultin C|ble rec nblna Vi rus
oTFeRRES I e DiF Hl ed EO ekt I tiing

chiddebc . addveopl el £rted: sesed ypesr that 1ok ekrh@v@rd to

rovide their hexon protein, or the relevant parts

adyantages pl R | SUPGROUD Ad 2Bleneiair ung FExempili Bied Ay

t
A NS A0 Ll SRe e OBLD! YOSy S0 T IRA ) EEE vt
thps ebene &0t aref Adida rﬁda?ﬁsemefpmd(m&?mmmmﬂ%
N s the nos erre ser ot Al so n
ERARSAGR USRI B8 B SR el heypse of a
p PRIk A5 686k wﬁ@i@aﬁﬁoﬁ hes ghthdpai aen e noyi 1315 RO red

The regions that were identified are the 7 surface
to dops AR YR AlSYRD oTEeINHy prrciard A @3 Regilees it

WCgLW(B' bg)beI;r 1%&?2&%’2&%@?&' ijt%egiem\geg?@g]‘en&yé{ USoes not

Serotypes 1s conce oops
efdsavtor deid kszbs e NBshnugaindO9)e .ptimisg t\Ded')ta)r
under st ood t hat the |nvent|on i S not I|n1%ed to

Thise of oINS HHChRB 23 buthdried A9 h@%ﬂp@%@

addy s Agsdurdher substand i mreds byr taﬂ?oﬁ}?@f‘tféf&aééz%‘t
HVR s in Ad5, AdIl, Ad26, Ad34, Ad35, Ad4 8 , Ad4

(simeh A5 0RnN <af S’@F@vme bs@adtxte&f?p nnemioxpr(%@eama\bﬁk)e arg

nd |n as what nore I1n1ted a e ninalistic
2 G0 2 SPTRAJRLE, LIS of A TRl Sddn oo

of osruah |vetthers serotydEsvEoRt mdSHVENS oI BFHVR1 1,
re-existin |nnun|t¥ and that are al so useful in

Yief &hi ek R HAR BNt 1119 ot tHRAKnovie
mﬁga%@%ﬁytgﬁﬁ% s € FACAOVAB S, s SXETPYi A £

exchanged between serotypes. So, preferably at least one
HVR from a rare serotype 1s taken and inserted into the
hexon of the backbone serotype. It has been shown by the
inventors of the present invention that replacing all
seven HVR’s from Ad5 by the corresponding HVR’s from Ad48
resulted in a viable and producible vector that
encountered hardly any pre-existing immunity in mice
immunized with empty Ad5 viruses. However, if only the
first HVR (seen from the left ITR to the right ITR in the
viral genome) was replaced no effect was seen. This does
not mean that one replacement could not be enough. It is
thought that one region is more immunogenic than others,
and it remains to be investigated which of the 7
identified regions contributes most and which of the
HVR’s do not have to be replaced in a certain setting or
for a specific application. It may be that certain

individuals raise different immune responses towards
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Ad5 (strong i mmunogenicity, easy to produce, etc.)
with the benefits of the rare serotypes (| ow
w@e@e®xi3st i ng i Mmunity) . Cearly, if one woul BCT/EP2005/055183
contenplate the use of a prinme/boost vaccination
regi men i ich it is preferred to use anot her
oL SRR Dlibot SR LE R otk Tt b
Mbenefd €] abhime PDOSHe b hedn vert Dig thadt hoesmdptprove
encounter the raised NAbs against the primng vector.

Demist cbphbihat ¢ o5 SUcH «Ee Adrere AdR oy RIZNeHer a3 FIAD
R e s e
acentdiong dc@abdve) pareidddepanplead idhevqreseidh, due to 2

i nvention. n-limtj examl es of such_vectors are
ORI SRS ad3B R [heagaBLRacs. vetiof"
NAK HARBSs s ande AL IS Srordavd ot | £BBtH@NEs WDFIRin

preferably six, and nost preferably seven HVR s
th cexrgie P et see e serotghbesed S5 s araibl§ rrovidetthe

R S SR it G T e R
eshowmpyNAhe prventitorisn ofhé heopt esent i nventi on t hat

replacing all seven HVR s from Ad5 by the
corresponding HYR s from Ad4 8 resulted in a viable

and 5 aguicd e MBS Hed Nalic SOFOLNE eF &g hag dI ¥; ALY the

pre-existing inmunity in mce inmunized wth enpty Ad5
Add repesi fHovewetrral fz ong yanthidoddy stNAHVR terrds omtde

left . I TR to the ri t 1. TR . %eviral one) wa
moda I e d (feld Slla IRy Tdo e LBl SENOTR) SR

tDherd epdaeereny eogh di mdiuhen epotgiatidng s(dpotghimately
that one region is nore inmmunogenic than others, and

541 Fendihs b9 AR i P etd WhRIPBTLE HRE 7he
adAenep IS did £0E PIMEAE A BULES EPSE1 A%k Wi £ ©f  the

functionally significant Ad5-specific NAbs were found to
be directed almost exclusively against the hexon protein
(see also Sumida et al. 2005). In contrast, Ad5-specific
antibodies directed against the fiber protein do not
significantly suppress Ad5 vaccine immunogenicity under
relevant natural existing circumstances, i.e. which
circumstances relate to anti-Ad5 NAbs titers found in
humans. In contrast to Ad5, Ad35 and Adll seroprevalence
and titers are found to be very low in human populations
in many different parts of the world.

The present invention relates to novel adenoviral
vectors that carry the hexon of a rare (or at least
rarely neutralized) Ad serotype such as Adll, Ad24, Ad2e,
Ad34, Ad35, Ad48, Ad49 and Ad50 and preferably at least
the fiber knob domain from a serotype that interacts with
the CAR receptor, such as most human adenovirus serotypes

from subgroup A, C, D, E, and F and the ovine
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HVR s do not have to be replaced in a certain setting
or for a specific application. It nay be that certain
wo pdowids@l s rai se different i mmune responses PCT/EP2005/055183

towardsdifferent H/R s in conparison to other

i, ndi vi dual s. l%\/b\?rlgover chimeric h@{fon cont ai ni ng
a({‘/ee% BHUHES prioves berer T A YR T sBtt e whiete Thet e
bd Sk Pedbsierati® tHAbs agd #»y tyhd 1r tden haston Theotein

pre-existing immunity raised according to the provided
et eghiah viersehy gbRlere of urdnsRcii¢ Vetidses of

f e t ctor e it

P L P ol R S R e i T
iproted eare baptlaces asctdn savdbufolr priovi tdbdhel Hesd5. It
. chance of yielding a vector nat detecied by the
T DriEex: stTn W&)%C?plrrés%}h‘? -t a%o“s?l.fsrot}b%‘%/e?hjov a
mad ¥ OVETh afenMhid MeSE M Ses fdFStadh@r - SRerid) Csince

neutralizing antibody (NAb) epitopes were mapped. It
thege raveatell 3 hdta AdEr s erlol? eval ehtec ket 1Y terssert e

. [ i p j on (0} |y 50%.
et Pl el T P oo L S PR B R e e
stshgl) immivbs ecyeson s afsiohOsesuidtereipepfime! i onat dys
signi ficant Ad5-specific, NAbs were found to be )
LRt e REsRRT {%qiv%?yt%a‘?%%ta?%eb%%%b%e p‘?%t%@?}lr
al§§P§t§§‘|1§<9 rdda &ln@itei2005)1s Ve FOEFBStantly are
Ad5- specific anti bodies directed agal nst the fiber
tlpree ef rormicadenowigns f$weendyp sBippreses @ddbr v aded thecarry

eLHIUNogeNL 614 ve el L el evant. patwr Al ex( 811 00 g
Cclrcunst ances, 1. e. Icn clrcunstances r ate 10

igfddt AN dNADSI ¢ | ¢€Y Bs fDungh | €f et thangont rasd tor
Ad5, Ad35 and Adll seropreval ence and titers are found

eXYupke VP 04 00 130 iR Qop A0 bhs Thesrime et ¥ er ent
pf@gﬁﬁbﬂiytﬁgbvﬁﬁig-as receptor. Surprisingly, as shown

herein, it was now found by the inventors of the present
invention that a vector carrying at least a fiber knob of
an adenoviral vector known to interact through CAR,
namely Ad5, when cloned on top of a vector that
encounters low levels of pre-existing immunity, behaves
such that immune responses are improved. This is highly
unexpected taking the desired immune response route via
dendritic cells into account.

It should be understood that the knob domain, which
domain can easily be distinguished from the rest of the
fiber protein by those of general skill in the art
(through sequence comparisons and general knowledge about
receptor interactions) is the domain that is
predominantly involved in the recognition of specific
cellular receptors to which the adenoviral vector binds.
It was previously shown that the Ad5 fiber knob interacts

with CAR on the surface of cells and mediates efficient
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The present invention relates to novel adenoviral
vectors that carry the hexon of a rare (or at |east

wo 200el0yo3peut ral i zed) Ad serotype such as Adl |, PGAIRE2005/055183
Ad26, Ad34, Ad35, Ad4 8 , Ad4 9 and Ad50 and

referably at |east the fiber. knob domain fro
LT b3 PP TR Bt R € WY AR it br L LB as
fADBL 1 tRIEd B ey | paist Seed ydesnd e BWRF Ol fyriks
D E , and F and the ovi neadenoviruses . Preferred

(BRFER L5es ehanl arkd UbeBesley kit kdbbnel $2%t droahdl that
ar ' h t el 0 i Vi

2Rosol B DIRe D URRIET & ol O M E R

g3y . virysed erswech ses AAghke diditAd35 useidescta ttacdkibgine
vect and for its fiber is Ad5 . It is well,

NS OBt 1L (b A0t Tod i Peseai | riSh b oy o lates

td 04 @erhdW i FALING E ESPONSE SR €n deNdrddd € €fd | SocShtee-
these are cells that are able to efficiently present

bingimd gdenaipede Bozed by hidie kel sdemahey eby swapped.

it . _ s et _

T ot e P R T O DT H LT DOREY SFar 45" e R Bapqine

satle decsastes off tiied rsiabit i drydfor | tHecta dentirdm i theel | s
very efficiently are those from adenovirus subgroup B

backiorpcYefrsCt hatt chf ryftitl prieetid tronise at least a

pRHENOV i fluS sz i hate & BEOUM Zenanth dIb & Hendsi tig Sellse
in an efficient manner, see for exanple WO 02/24730

a aneor 09Y FO0T 1in thieset e twith pridsemadd ps it o G 51 ais

[ ecept or.. Surpr.isingl as_shown herein, it was now
EOIRE Y The TR Ent T R RS ERt® 1 hvent i on that a

vectThe Cél Iye e addémedsiral fvdetoknobf ofhanpvskenoyi r al
_vector known to interact through CAR, nanely Ad5, when
1Y HetP O ¥ D grofe £Vt T eRGTeF 210w el s

tﬂgriﬁf'@%&ﬁtééﬁkéfgnggféiyhﬁﬂﬁ&?%ﬁlAd5 or Ad35 without
chimeric fibers. Chimeric adenoviruses carrying chimeric
Ad5-Ad35 fibers are known in the art. Ad5 vectors
carrying chimeric fibers in which at least the knob
domain was derived from Ad35, were disclosed (WO
00/31285, WO 00/52186; WO 02/24730; Shayakhmetov et al.
2003; Rea et al. 2001). Smith et al. (2003) disclosed a
chimeric fiber in which the tail and shaft are from Ad35,
while the knob domain is from Ad5. All the vectors from
these cited references are based on Ad5, implying the
fact that the vectors would still encounter pre-existing
immunity due to the presence of the Ad5 hexon in the
viral vector capsid. The data provided by Ophorst et al.
(2004) confirmed this phenomenon. Recombinant
replication-defective Ad35 vectors and methods for
producing them are also known in the art (WO 00/70071; WO
02/40665), whereas Ganesh et al. (2003) disclosed the use

of an Ad35-based vector which comprises a fiber in which
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such that inmune responses are inproved. This is
hi ghl y unexpected taking the desired i mune response

WO ob®e4038@ dendritic cells into account. |t sheci/EPines/ 055183

under stood that the knob domai n, which domai n can
eas dlstl dfromther flbe
e DR b T Gt IR et TR e PPttt s
H&Mk@ﬂﬁ%@nw&@@%aﬁﬂﬁeﬁeﬂ&ﬁﬁkdﬁﬁ%@g@%&m
receptor interacti one%iFl s the domain that is

FHr et eraer | 5rorbtv el T 2 araepntloregtikberd flew
C ir t

C A SRR L Sl QLI TR RATEY, (g8l a1. o
ndacmaﬂnisismlcmaodns swdde CARrarc ites s dad econfveet diss artbrein

i ates efficient att achnment ior to vir

oSt € hR S T A s S R R et 1R e b
A@S‘d ret 14 e |a[l§\¢ﬁﬁélie£ Bes 96 SOt @twath - tHOSY  ufieW ey

n

et al . 1999; Roel vi et al. 1998 and 1999; W ckham
Gapegh et 1@]93)dl$/ml¢%et¢ﬂeSCB Egr‘(ﬁtﬁthﬂf repeed eucdds wdih a

%ﬁ&&g’%& Lef@act tf‘é%?%‘t 29980, et ¢ -, £003)
resen i vent i on Telates I%o adenoviral vect oF g in
ccmpzci‘s@é d efasl] tAdS redept oadd e ihga daiamdr {cef imed dxyd
the knob donain l% IS swa ped The Jatter vectors thus
thygg Iqil%%‘?/r%oﬁﬁb? sEh¢ i B t%%ath%cls%@fi a%e]b%ﬁs GAngHe et
adhafdirandlor 1he {Aldsdiomdhe backnone: yeolofe f&uﬂ&
actually desired to use at |east a part of the tail
wx@glidit\ecﬁaltweabaﬁ@@nesmt dfhe ovegisere acproperg to the

st able | eractlo with other caé)gfd [ ot ei ns,
inven ave transrﬁftl ? o} en01 , 'while the
resu |ng i h- st abl e-reconbi nant vectors . e Chimeric

cladsnovd redbaect@isund 4 hecgs Bsenichoweng i DN @ie nore
efficient for vaccines and gene therapy than vectors
YR NP aRP bh- A e @S HFihbid 1n the art would not

have an incentive for vaccination purposes to replace the
fiber knob of serotypes that are known to infect
dendritic cells very efficiently (such as those of
subgroup B, for instance Adll, Ad34 and Ad35) by a fiber
knob from a serotype that infects cells primarily through
CAR.

Because the neutralizing activity from the host
towards the adenoviral vectors is primarily due to NAbs
against the hexon protein, adenoviral vectors may also be
based on highly neutralized serotypes, exemplified by
Ad5, wherein the hexon is swapped against the hexon of a
rarely neutralized serotype, such as Adll, Ad24, Ad26,
Ad34, Ad35, Ad48, Ad49 and Ad50. An example of such a
vector is referred to as Ad5h35 (Ad5-based vector
comprising the hexon protein from Ad35 in place of the
Ad5 hexon). A person skilled in the art is able to
envision and to make the different possible combinations

based on the information disclosed herein and based on
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chimeric fibers . Chinmeric adenoviruses carrying

chimeric Ad5-Ad35 fibers are known in the art. Ad5
woemboss3carrying chinmeric fibers in which at PEEEP200$1€55183

knob domai n was derived from Ad35, were disclosed (WO

LT SO P S T 0

et 156k PBRgl Sn i drBidLodd NeFovdd WM £ dle: t edd 1 Bnsk shipf t
are from Ad35, while the knob domain is fromAd5 . All
199 Vet bk o rdon 1152 ciQrel M errhcezeHrl s et on

c%rﬁ@iﬁ%%fﬁ&f@cﬁeé&?t f@t.eej’ér?cfgr&i Sgtidlen
encounter pre-existing |mmEn| ty due to the presence o
etdrep Yekb. exotrhemn wde of ralowvind orectapss deorirel shatq

rovi ded by Ophorst et al . (2004) confirmed this
e TR o g R b B T Mo types
hyEBOLS RNk T8I &9 dsn fOfa DAUE T 1Y hdreso A0 2d SO known

in the art (WD 00/70071; 02/ 40665), whereas Ganesh

et afhe ¥ooUd)imink|aderphealiseoionn Ml baersent
e L R S S e L

gdier ¥ELY Orow g ¢ -6ek Bs trati & ed c tgenet {43 e Hheidimasaence
Protein, GFP)_ and apparent|ly exhibited | ow
DTRRHECHIEE | DB 1 | A b A 6 o] 3, AHbstAYO And
Ad560 Doty & 50 9S& OF 2 SHOLERT a1y A6E NSP1 BASEL) 0y Vepi Qs s
wherein at | east the knob of Ad35 was replaced by the
thaobn@d dedrin erf adwnedenivaht ageshassoeiatabdlniehicit a
nideiiRe. Ganeshoet alo.. disel ose ol 50, g vectgr. pased,
on Ad35 Wi th apcorrp’l et & Ad5 11 ber. TR stSbe hote
thdadddindsi mect tha € ogie 561 @ d14 diAd5% fhbet amehmot a
chimeric fiber and thus differs fromthe vectors
IIFRAI IR AL HErkl £S @Ffshtit 2flenovarys tHat |egdes pre-

ei{§@§g¥C$éﬁ%E§i{ifﬂ&ﬂ%&@?vﬂ%?Ebéé&ﬁ@% it carries a hexon
protein that is not detected by the pre-existing immunity
in a high percentage of the world population. In other
words and as exemplified herein, Ad35fib5 and Ad35k5 both
represent improvements over both the Ad5 and the Ad35
vector.

Given the high levels of anti-Ad5 immunity in human
populations, Ad5 vectors are likely to be substantially
suppressed by anti-vector immunity, at least based on
experiments done in mice and monkeys. Given the low
levels of anti-Ad35 immunity in human populations, Ad35
and Ad35-related vectors have a substantial advantage
over Ad5 vectors in this regard. In other words, Ad35,
Ad35fib5 and Ad35k5 vectors are not substantially
suppressed by anti-vector immunity. However, Ad35 vector-
based vaccines are less immunogenic than Ad5 vector-based
vaccines in terms of antibodies against the antigenic

insert.
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with the partial fiber swap. The vectors according to
the inventi on have good transduction efficiencies,
wokiobe43Be chineric fibers ensure a stabl e anchoOr/EPzp0s/055183
the remaining capsid. The person skilled in the art
woul d not, have an..incentive_for_vaccination purpose
o STy £ Her LR oFoBeris yERESt Hotor EERRo Y
th® infestosenssithe setdsnverywaitich eidy (sweh as

those of subgroup B, for instance Adll, Ad34 and
NI 1 R d YeRHerrknebr FY Ui 2 seker§per t Meterrkegaus)

kG0 | ok 1ATRGE | AT AU, COBL BACANRRy LI L 24 Do

acti vi ty m the oSt towar dS t enovira vectors
ares substeantade nordAlstagai st iddec hex om piroteia,

adenoviral vectors al so be based on hi ghl ) ,
rERRRTSE | AN SOF OO ORX YR 13T o By S, TR iR

THEXONs1hSh SYEPRSEs agab Asded hes hexam Da B 4@ @bYactical
neutralized serotype, such as Adll, Ad24, Ad26, Ad34,

ahgesce feie8 cumern ol vl b LA dseeipl k2 bf vetiedra. A
I erre 0 ( - VECt or

o EEORT U ST el e, a5 AT e (A 28 NN EE S ne

kiAaibl drbxo e rehl iersosy skéd | ©8 ¢ Tohdeotdtdr | sdabdei tal

envi sion and to nake the different possible
VRO T1atd TS PAsEF ot TheP T W OFRYER i 0P Tdi ¥ R%F herlet n

1 h BASEh POV £dge @y akd @S ddht NeiAfdn ddeDSFABses

clear that exchanging entire hexons proved difficult
thaal ¢aety ad kndl9o@omapui ¢f et Blber 20029n | irgneneesn dhd

nfiRE] Ui, Of, ONSLLGLE NG CIIRLL 6. NP, Dr L &L 0 ] Syces
I'scloSed 1'n the exanples. ot her way of cloning

oMest OfiSn-€IOMAMh Sddgh & s €, Capsh thdiStdigoriextnt bovine
proteins fromother serotypes has been disclosed in
a@&dﬁ%m%n% Hlengy porspare encompassed by the present

invention. It also relates to other low-neutralized human
adenoviruses that can be employed as backbone vectors
that carry at least a knob domain of other immunogenic
adenoviruses. The different combinations are numerous,
but limited to the extent that at least the hexon protein
of the adenovirus should not encounter a high level of
pre-existing immunity, while at least the knob domain
delivers the recognition of the CAR receptor, thereby
ensuring a high immune response in the host to which the
vector is administered. A person of general skill in the
art will be able to distinguish the described features by
using the general knowledge in the art for determining
pre-existing immunity, determining the level of immune
responses elicited and the strategies for obtaining
recombinant (chimeric) vectors as outlined by the present
invention.

The potent immunogenicity of Ad35k5 vaccine vectors

suggests a functionally relevant role of the Ad5 fiber
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The reconbi nant adenoviral vectors of the present

i nvention, nanely those based on serotypes that
we@ewem3er generally | ow pre-existing activitiBST/EP0D$Ie55183

human popul ation (AdlIl, Ad24, Ad26, Ad34, Ad35, Ad48,

Ad49. and_Ad50,_as. well. as certain, Si m.an adenoviruses
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activity because it carries a hexon protein at 1s
Addik Hetect @ds byl kdky pref bxdist i tige | kmown tlyidoo@idi gh

er cent age_of. the l].d popul.ation.. I n other words and
QR SRS T0T T 1 SR SR ese ST hoe o gre s
né R ESHN AR AVSIBL S VL ROt drrh hee ADSTIRN Ar & diANIBDn t

vector. Gven the high levels of anti-Ad5 imunity in
A Popud e | orsibing e ol by afle | ket yatpzafeion
0t i or i 5
P b ot - S Tt e S SEE M syt
evaden 1dwe/ hodetevel sewdl andf -AdSH-AdFruirrhyn 1 ty hu@nshown

opul ations, Ad35 and, Ad35-rel ated, vectors, have a .
h anthege a%%?ﬁ‘éag‘él%%ra%?%%?%m’r M PTG
sty 2L e\ LSy 2 AORP, + 3 A d h5s geh AA3SD, vestors are

not substantially suppressed by anti-vector imunity.
pHowevkly AdEScivedtardbised Uae Adesheren |psstein.

i_munogeni f han vectpr-hased ,vaccines in_.ter f
sUPERRORRD Sl DHAED YO Plo MARE LAl A S Red
védtdss nonmtoinide fhe SAd35 neilsdowrdye ihewd ey entas Be of o

the present invention that | owneutralized
circumvent anti-Ad5 immunity (Ophorst et al. 2004).
However, high levels of anti-Ad5 immunity were in fact
able to reduce the immunogenicity of Ad35k5 vectors, as
shown herein, likely reflecting the lower titer but
clearly detectable NAbs directed against the Ad5 fiber
protein. It is to be noted that the reduction of Ad35k5
immunogenicity by anti-Ad5 immunity was only partial and
was detectable only at particularly high Ad5-specific NADb
titers.

Another limitation of Ad35k5 wvectors may be their
relatively high vp/pfu ratios, which were approximately
10-fold higher than those typically observed with Ad35
vectors. This observation suggests that viral integrity
and stability may be compromised by the inclusion of a
chimeric fiber protein, although this yet needs to be
investigated and confirmed.

As outlined herein, the rhesus monkey studies
comparing the immunogenicity of Ad5, Ad35k5, and Ad35

vectors confirmed the results obtained in mice. This is
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vectors carrying at |east a (heterol ogous) knob donmain

of a different, but highly i nmunogenic vector are
wGeamshasso al |y nore potent in inducing an i MMUPET/EP2005/055183

response than the backbone vector with its native

fjber. Thus, such vectors represe chni cal an
el ST o7 Lo S oIS CEhT aRTs yT D S
aV@GhD§ St he Fe PEFS Ol $dkit d 4 €Thd e tthee aldmividdedEc BB ot 0

utilize the know edge herewith provided to cl one other

Adtfentve Pl S veb? oflse Has deP e Y he Adhev R towks pt kel cFHepd
; | £ 1
rdpRd MEE i e CIVEI | OF ROL R Hasomunan
effderivélanporevemogdn chdumbrg@ade nove $tusimBBesi teision as
reconbi nant sim an adenoviru ot her n- human
ST SRR g ARM AR eIt e FELVLAL L B
e BOENOV r USRSr af & eheosmasser byat hei e esend daentdon.
It also relates to other | owneutralized hunan

wiHde il risesot hat witheh ba ehbl tog/leer] deopaickivbref videges s
| ) e ; .
r%l(ﬁ}éé‘én&aé Woﬁo%erggs d@ﬁé@l@%@%&@ Sf r}%mé%@@e”' ¢

novli r uses. I natl ons are ner ous,
vétitots m1tedid ospdenextemttiidattiad t@asdt t hremlexon

&?rotei n of the adenovirus should not encounter a hi}gh
FeIRASHT PGSt Hhg-FarrEsys viidle RS ERE LG SSLS

vddobr- doppidn deld verscddecnecogni tiwe ofnddhe $fRors both
receptor, thereby ensuring a high i nmune response in

pPrireedhosebust whe shonsres vard ozoukd dekri i et e e £ e plekevhy -
of 9fNer a]': sSkitl_lii\peIgtheonar emvwrllsltl_pa? easbltehatu‘s) sid
di st ngdglD st T he described Teatlr es %y usi ng THe
ciganertd kaowhietdgent md hec@tdrd cfaslederdbmd tiucted to
pre-existing imunjty, determning the |evel of inmmune
copfsrn el el b P e HI LT raR @ gF P FF L R EFRF gl eS

of different Ad serotypes. The generation of chimeric Ad
vectors represents a novel strategy that leads to
improved second-generation Ad vectors for both

vaccination and gene therapy.

According to a preferred embodiment, the present
invention relates to a replication-defective recombinant
adenovirus serotype 35 (Ad35) vector comprising a
chimeric fiber protein comprising at least a knob domain
from a CAR-binding adenovirus serotype, wherein said
recombinant vector further comprises a therapeutic
nucleic acid of interest. A therapeutic nucleic acid is
defined as a nucleic acid, which encodes a therapeutic
proteinaceous substance, such as a protein, a peptide or
a polypeptide, which is useful in the diagnostic,
therapeutic and/or prophylactic treatment of mammals,
preferably humans. Examples of therapeutic proteins are

proteins that elicit immune responses in tumor
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reconmbi nant (chineric) vectors as outlined by the

present invention. The potent inmmunogenicity of Ad35k5
wo 2e6imB3vect ors suggests a functionally rel evedit/EPD&E055183

of the Ad5 fiberprotein. The Ad5 fi ber knob det erm nes

bi ndi n tot@ hi gh affinlt rece Fi[l 1
VT ayE G ‘}e‘%%taf%ll% %/%ee %? %Jr%% %’iraa%%lﬁ?%?
id raﬁéwﬂgyr@f%er\wﬁ cﬂ)ﬁéid‘é% tQidhea HUERS4S usddein

enhanced i mrunogenicity of Ad35k5 vectors |ikel y
gerg I‘é&%aﬁ?%e Rrber B d ‘8@@@9%‘&%‘? OO e iR h A PRI P FP kNS

wghy t e
d gen determ ned. (gﬁhcgfrg%% &@% %A%dg?(@a%]g%ﬂt?g%%é@éma’
paxds bids pst manféyt tdwes neut ralézaduan s ofitesed. t he

RSO ntef Tl oo M dily s Al d  FO2 ieeipption

plEsidls dheses ObSEF Y 4 OfScIAr £5 COREd St Bituwddriciency
revious studi es denonstrating that Ad5-specific NAbs

Vs pfihar i |§/I‘6» ridee \a?g]%i#%stquhlae%d%lmorﬁ%]fm%l n.

t d j on at Ad5
eg% S\HC]]%%E{' aﬁﬁ‘ﬂg te%eﬁaz\d%gfé) % pr ot Iy@\;’vver eégnabl e
Exmplégwwemvaﬂénvﬁ@tﬂs A M &/ t(}@tlmﬁaay 8¢ @bcoded in

2004 However , gh levels of anti-Ad5 imunity were
the § O‘é’olf%ltrbu‘f']e%llcfcea‘ﬂfé Frenitfolye 29 1 PoOf 5KE - An
eYEEI L Sor a$n Sﬁ@\yw‘aﬁ‘t.e{cféﬂ‘,lé i koot ¥ é:?fé@CtTHQréﬁ@uﬁPd\Br

titer but clearly detectable I\lAbs directed agai nst the
preizeiibefron gpeiasites isuctlo e Hovsel that ¢dese malaria

redui:%(lf an, olflséACQISSKS i mmuno enl m%yt b antl ﬁAgI

was onIy par‘:f arcan et det abt e

Pd)]ﬁlfi¢1@ldt]ﬁl§l' Yo e Bt Ak - ﬁ]ﬂﬁt@éimsﬁ Mttrhd;erﬁe cmeéd]ein

limtati on of Ad35k5 vectors may be their
these vectors are those from PlasSmodium falciparum, such

5.
ven ion.
on

as the circumsporozoite (CS) protein and LSA-1. Other
preferred proteins may be those from Mycobacterium
strains, particularly those that cause tuberculosis, such
as Mycobacterium tuberculosis. Preferred antigens from
this bacterium are the 10.4, 85A, 85B and 85C antigens,
which may thus also be used in the vectors of the present
invention. Proteins used as markers for in vitro studies
are typically not seen as therapeutic proteins, so GFP,
luciferase, or CAT are not regarded therapeutic.

Suitable promoters and poly(A) sequences that may be
used to express the antigens are well known in the art
and include, but are not limited to CMV, Ad2 MLP, SV40,
etc. Suitable transcription termination sequences may for
example be derived from SV40 or BGH. The coding sequences
of the antigens may be codon-optimised for optimal
expression in mammals, preferably humans. Methods for

codon-optimisation are well known in the art.
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relatively high vp/pfu ratios, which were

approximately 10-fold higher than those typically
wo@bmenwss wi t h Ad35 vectors. This observati on BULDBREDF055183

that viral integrity and stability may be conprom sed

by the incl usi f hi ic fib t ei | t hough
Chi ST NGRS Bl FRRSE? ot StP RGP CHHTIHEE TS
r&tbhb Neth hed @ hov i hes I EBUSE dB NKYm St iusli ©501§O P& s Gt ing

t he i mmunogenicity of Ad5, Ad35k5, and Ad35 vectors
ok eI theSTERUIRSS obtai fbd 4% nite. 3Thi48, 49 and
Sr . the o : :
S e R
compuinopeni £t teadt Ad3Inotecdansin | firorhes UGARkeysng AdS
ectors elicited rapid and high titers of _ .
a%%%‘?%%%e%?lf%m\%sim%wﬂﬁf%%g? RVl PRI e d" GO
£ONRd ©008Ro POASE 4 NI 23t b SBu RSN €XPELE efkid Ncoding for
contrast, both Ad35 and Ad35k5 vectors elicited | ower
a Vided rPplets foe NARRE 1EeR1 QP eonphr edf Winle et . A

SR e e i

prefepaEcly adecbtad 1he 3oObusd 3 Fmumes t gsponsesoly
observed in the nonkeys. that recei ved Ad35k5 vectors

SETREYRE ri | e t hENG ab?VeHatoR hekk Vet it st ®
sPFb RS & 0bUSLe MEsPPNSESHANEL £ A g bey &re—existing

effectively. The present invention denonstrates that
iryepsi dy chi ners toneCorpihbnt 1o pectensaganoberuman sera
sSRIRIL usked Lo conpinecpenefic al, i muynol gl £, and

S of ogi'c properties o% di f1etenty ad'Sero ypes. The
wee®s Bdé ONClofmet dref i1se Ado MEeed DS 4 epliSSEMsraimovefers

strategy that | eads to inproved second-generation Ad

tQ eSS fha ot AMRAESS RA T oh HFRI gihel $3k apye different

adenovirus serotypes, wherein the knob domain is from an
adenovirus that binds to CAR. It is preferred that the
tail domain of the fiber protein is of the backbone
vector as this adds to the stability of the vector
through a proper interaction with the capsid of the
vector. In a preferred embodiment the knob domain that
binds to CAR is from a fiber of an adenovirus serotype of
subgroup C, more preferably from serotype AdS.

A therapeutic protein of interest as used herein
relates to proteins that are useful in mammalian
therapeutic treatment, such a gene therapy. An antigenic
protein of interest as used herein relates to a protein
of interest towards which an immune response is invoked
upon expression in the host, or in the host cells. This
immune response is required for different kinds of
vaccination settings: One example is tumour vaccination
in which the immune response towards the antigenic

protein of interest adds to the removal of tumour cells
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According to a preferred enbodi nent, the present
invention relates to a replication-defective

WO ewendizaant adenovirus serotype 35 (Ad35) veCPOI/EP2005/055183
conprising a chineric fiber protein conprising at

| east_a knob_domain from adenovi r us
EEE GRS D o1 P 1 COBhT T BE BT TR s
aFEIMEd SESn & ¢ hed apesbh €1 dwe] @i eractteof dundierest. A

t herapeutic nucleic aC|d is defined as a nucleic acid,
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r g @il paic tm%‘émlﬂ%e?)r@t@mlw eLpriviei Vet ierdiay

af’&?’%}'? s dd gl Lf&%}li@g ol ek ff&é@&?&é?%&a@ﬁ atf'ﬁé €s

[ OUS €en I'es as viruses enovira
avetdat sc a5 eote i yoﬁpnhtezzaéﬁ;te forthvacesmade omt paur poses
agai nst viruses, such as Human | mmunodefi ci encal Vi rus

tlm‘wem‘suv TFhol BTN That de%idbiseadier et s oy ek us
et %f@vérk@\ée pHepatidh s Savidditnd HMc. etf. o@@ﬁW@]?de

deri ved "anti gens t hat may be encoded in the
tla@emwleﬂs maue | @l 20 ded dl%ﬂfcé efpreegnt poie aspirerdingnof

tﬁéa\{— L8 O{ro HY af‘ Ihfeacnil_lcﬂ ek 91%D { he apeé%%éc
eins Trom par asi %uc 08e” T hat caus
mal arim oy @h}s@dhﬁem,edth@ tdheomeri DS ﬁeﬂidﬂ&ej_lp.ﬁﬁsent
invention. Particularly preferred proteins that may be

a%@%?f_éjd‘ﬁf ntQ hese R ECAr PO T rd M FF LRI UM
nﬁéﬂéﬂéﬁﬁéH@,SWEibh is under the control of a

heterologous promoter.

In a preferred aspect of the invention, said
antigenic protein comprises a protein from a virus,
wherein said virus is a retrovirus, HSV or an Ebola
virus, whereas it is preferred that if the antigenic
protein is of a retrovirus, said virus is a simian or a
human immunodeficiency retrovirus, wherein said
heterologous nucleic acid preferably comprises one or
more genes selected from the genes encoding the group of
immunodeficiency virus proteins consisting of: gag, pol,
env and nef.

In another aspect of the invention, said antigenic
protein of interest is from a malaria-causing parasite,
wherein said protein is preferably a circumsporozoite
protein, or a Liver Specific Antigen (LSA-1, LSA-3), or
an immunogenic part thereof, from a Plasmodium species,

more preferably Plasmodium falciparum.
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as the circunsporozoite (CS) protein and LSA-1. O her
preferred proteins may be those from Mycobacterium

W@ ooaioss30 particul arly those that cause tuber ceADEPR)5/055183

such as Mycobacteriumtuberculosis . Preferred

antigens. fromihis bacteriumare the .4, 85A .85B .

and HWGYehe? Tt T fraly® t%%‘éelgl %%p]]gjec YT f%%tl"e
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markers for in vitro studies are typically not seen as
YRR HpetR i@ Epfi*%t%i%l,m%%l@FﬁbemciWh@?%ﬂs%,sﬂd CAT are
a{@éo&fﬂ% ded & é@@é&tflgom Ui d a%&epgr@méfé‘ﬁiﬁ%dofm y

A) sequences that may be used 1o express the antigens

ademowehhs kanenmt yped hElL ar24 ande | ngd udes, bid, ¢ ® axod 50,
fI imted to CW,. Ad2 MLP, SVv40, etc. Suitable

tr dnseript? JrELET AL § on sequences may for exanple be

derimed {00 SWh Or@Ft iRGhodder£pgidg Seaquencese dbr the

antigens may be codon-optimsed for optinmal expression
reePmahml s, agerd el abl Wenhrhsa corrdions terthe lnvention
. €O - L] Lon_ar Ent T .
R A et
ot eclosa praunt 1 @dernovimaerst sef e tredll 4 i | heen Elodlpa—, an
consi sting of adenovirus, serot qgrgs 11, 24, 26, 34, 35,
H%\.é',' 4 m,o%ﬁﬁl%\énﬂf?% mprising a chinmeric
fibefn poot eb - CONPTA SIPGHALrd £ASE Enii@thdlenpihd rom a
CAR- bi ndi ng adenovi rus serotype, and wherein said
ireeonbimart laees oro farcihare cohppréskbcat hen edof egfolse

nucl.ei ¢ acid,coding for a thera euﬁi or,, an ant | ni_c
recoTblnan ddenovirus comp¥131n The knob “domalin “from
protern of interest.” Apreferred serotype is a

tisbpriosp & SEdD Yieyimprendrafaiad yidesadqydpecd las 34
and 35, nost g{eferably serotype 35 (Ad35) . The
undriehtiemh Fol it ®are o?Bhedd serist¥rPEr e thegm 2

SW e PeUEL A | Zi O AL hStdf9 it is further
preferred that said hexon protein is from a low-
neutralized adenoviral serotype. Low-neutralized
serotypes are those serotypes that encounter pre-existing
neutralizing activity in the form of NAbs in the minority
of samples from healthy individuals. In one specific
embodiment, the invention relates to a chimeric
replication-defective recombinant Ad35 vector comprising
an Ad35 hexon and a chimeric fiber protein, said chimeric
fiber protein having the amino acid sequence of SEQ ID

NO:2.

Hexon HVR swaps

Since dominant Ad5-specific NAbs are primarily
directed against the Ad5 hexon protein, it was reasoned
that novel recombinant Ad5 vectors containing targeted
mutational swaps in hexon may be able to evade dominant

Ad5 hexon-specific NAbs. This is not a new thought and
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imunity in a significantly | ow percentage of human
sera sanples that are taken from heal thy individual s
wowrbadwizse. Chinmeric fiber proteins as used heP@i/RP2005/055183
refers to fibers that conprise parts fromat |east two
diffe%ent adenoviru serotxggs rein the knob
u

wh
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PFveheSwert vt L thr gyt bresperbedRer action with the
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An antigenic protein of interest as used herein
oF ethg deexen apriviitpl bied e resawioudrsksd cin@nSchnurr

' e ' in o) [ in. e
AT PR ROt g A LR RS Pt Sl % 15
diefpieed dasnevffesent (kdhdsadd, vett) edé oméeet tAdgs:

le is tunmpur vaccination in_which the immune

O
AL oot At ars AR artd oni ASDl otAR4E ofEAYE G (MAVL) -
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protein, while another preferred application is in
rg opikeys akh i boepal mend Suthles vakterrediton an bl evedt

19, L SLoni Fhgantly d nLbI L, Ul nf eglhi ool £ hey hogl

pat iogens, 'such ‘as Viruses, bacteria, yeast, or

2 pareps t£5 . arddusSe - o efer abl yee SEd OSM I PEN CUPrOfEIN, U5 ;
Interest conprises a protein froma virus,

Ubaet b3 a5l 2R BR75® ohC yeErTe THPRIsk B 2 of the

backbone vector (Ad5) with loops 1 and 2 of Ad2 (Gall et
al. 1998) based on the findings of Crawford-Miksza et al.
(1996) . Also a vector was made in which only loop 2 was
replaced. Viable viruses were produced. Ad2 and Ad5 are
both subgroup C adenoviruses and cross-neutralization was
still present, even after replacement of both loops,
indicating that such swaps would not result in vectors
that would have a decreased ability or inability to be
recognized by a neutralizing antibody directed against
the wild type adenovirus hexon protein, at least not when
the swaps are within the same subgroup. To nevertheless
try to obtain such vectors, they also tried to exchange
the loops of Ad5 and replace them with the loops of Ad7.
These attempts failed, no viable virus was produced,
indicating that swaps from one subgroup to another were
impossible to make, at least based on the identification
of HVR’s by Crawford-Miksza. Of course, with the

knowledge of the viral genomic structure at hand, the
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reconbi nant adenoviruses according to the invention

may al so be used in invoking i mune responses towards
WO bweanssgeni ¢ proteins of interest in the couPGEEP{00&055183

treatment of an infection that has already occurred,

thus to prevent replication ackagi n etc. . I n, ot her
NG SRETY HES Rt IOy L G Stoh e T ot (Dbt the
gy eadi me &duldne b/idsuﬁ%f rege i dieqed ¢ e aeysh N B6d eth host
to the next. In one enbodi nent, the reconbi nant
P%&ﬁﬁkﬁ@f@@ﬁ@k@%r%ﬁ%@ %Qewh% @?ﬂ@#&i%ﬁ#c@Wﬁr@%@%r%
r AESAE L GOURUEL £1 € a0] fhys WhiGRIS, UNASE e, Gt T ol
of a heterol ogous pronoter. In a preferred aspect of
rédonsyentt amstsal tkaly | deni o priod erant loeanpe T Stescal
rotein frama virus, wherein said virus.is a ,
AFRETVI? st?h?—ls‘iPIB?f%?ﬁ BHRD ST Rt ehst FE FRle 1n
capeferesehdthadn) fvidwantigen & pEod el i Sb©fided when
retrovirus, said virus is a siman or a hunan

themigreef¢ed BrE yreEtonwa s stodhkred n(Rax cether br o Gydus

LF ot T TR e G AT R0y PV o Derna

1 dawwa niagkef ¢ dl et Ye X/t Harsg i@t ehd Sercioise stiéstgn Of It gags also
ol, eny and nef. In another_aﬁggct of the invention,

MR PR | et I R o PR R LRSI SN Fr oRH G @S penton

mdR! 1@ SBHS PO PR aSd i €ra WNEL €] b SO S OL el dSp1ain
preferably a circunsporozoite protein, or a Liver

tigpetitlerAmntigentii¢ SKI-ALBA@PS - or an i mrunogeni ¢
par tyfher eofy droma Flasiodium Speeles oMOLeco s
prﬂermﬂy asnodi um al*Ci parum The i nivention rela

gé e el chi 2fd + Latd denskef ©0dd & od Seddn ad¥ carrying

adenovi ruses conpri sing a heterol ogous
chimeric hexon proteins “comprising the HVR’s of Ad35 or

d to
es

Ad48 in place of the Ad5 HVR’s, as guided by Crawford-
Miksza and Schnurr (1996) and as further outlined by Rux
and Burnett (2000). These attempts failed. This was in
concert with the findings of Crystal et al. who also
could not show any production of recombinant viruses,
wherein the hexon parts from different subgroups were
exchanged (see above).

To tackle this matter, Rux et al. (2003) showed new
high-resolution crystallographic refinements that were
made of the Ad2 and Ad5 hexon structures to resolve
earlier found differences in Ad2 and Ad5 hexon
structures. This resulted in a new definition of the
regions within the hexon protein, indicating nine HVR’s
instead of seven. Rux et al. (2003) also identified parts
of the hexon protein that should not be violated when
designing novel adenovirus-based vectors.

The inventors of the present invention also tried to

produce chimeric adenoviruses comprising chimeric hexon
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nucleic acid and a chineric fiber, wherein said
adenovirus is selected fromthe group consisting of

w@od®aowizsus serotypes 11, 24, 26, 34, 35, 48, HEOI/APM05/055183
50, for use as a nedicanent. The invention furthernore
relates to .the use

i t t
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treatment of a mmlaria-, an Ebola-, an HSV-, an HCV-,
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melmmnbhmmwddmmies)ma\kmdnm of molse of the
haV|n t.he a 0 acid se e as underlined in fiqgure
AT oAt oA RSS2 BTSSR (A et ngE o
séﬁ&ywerﬁ Mddst odtdderapiederres dhadepdd hexon

rotein is froma | owneutralized adenoviral serotype.
dibbereiut raubgeelrer 0tYpkd 2ote b%c&@@@@#ypes t hat

o ) loBEfr e S A e DAL Ul A,
1détdti/fﬁ&bh| Sevdm VR sp/anttlﬁim mmmdlmmovihesesnvmm on

relates to a chineric rep licati on-defective

d} Db Friht U35 VR IR c%nlﬁ?‘?%ﬂf@l%cﬁ N0 35 HERF A 272

aricdi s@iher- £ | PESoPY Ol ntha?@'&%'d@ff&rff]%ﬁ tl%é’tr?iﬂb
havi ng the am no acid sequence of SEQ I . Hexon

HRV/Rs sigrst S e iprRwranet Adb- sz 3) ¢ ’Nﬁ@sbm@d
d@fsnft: 15y dc—!lc'a;:egéc?{jna A NS UG A00 NEXPD PIEEL{ka ' in
Table II, whereas an even more minimalistic definition is
provided in Tabel IV. Replacement of these HVR’s alone
resulted in the production of wviable virus. To the best
of the knowledge of the inventors, this is the first time
that anyone has been able to generate chimeric
adenoviruses comprising chimeric hexon proteins, wherein
not entire loops are exchanged, but wherein the distinct
HVR’s are exchanged. It is also held that this is the
first successful attempt in obtaining recombinant
adenoviruses comprising chimeric hexon proteins, wherein
the hexons comprise parts from adenovirus serotypes from
two different subgroups. The conceptual basis for the re-
definition of the HVR’s was to use conserved amino acids
as junction points. It can nevertheless not be excluded
that by shifting one or two or perhaps even three amino
acids towards the N-, and/or C-terminus may yield in
viable vectors. However, the definitions as previously
provided in the art, were not sufficient to provide
viable vectors with chimeric hexons. The definitions as

provided herein are nevertheless not to be taken too
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t hat novel reconbinant Ad5 vectors containing targeted
mut ati onal swaps in hexon may be able to evade

waleovsna3so AdS5 hexon-specif ic NAbs. This is NOPCHEPENMS/055183
t hought andseveral attenpts in the art were nmade to

dt h d t
DRSS e Dot kA ol & od S P P ofpsures
(M erdihpd PP ©f cAMDAOL S8 Gy Ve | BdXb1d t 7 RATOPE: Xl v,
proteins fromdifferent serotypes seems to be

thnkden thfer i VR eSRIVGRIRE | (35 yr%mm%erhmrbx/aﬁ%bl%

& t e, £XP
su%g?%AWﬁég ée(;<onh£]!aes T de entléj‘fl(grgS %ESC? v\f%r%l)"§ sza
bande Stherr ot yd&96) . These aut hors conpared t he hexon
proteins of 15 different adenoviruses (Adl, Ad2, Ad5,
Adb, Ad8, Ad9, Adl 2 Adl 5 Adl 6 , Ad31, Ad4 0 , Ad41,
Ad4 B35 -1B00E aRel- WM ) contdien SRY end MY BoMETEBVR' s,

identified anong the 250 variable residues in |oops 1
exeRRII¢A| Serm @7 ets oy Beun 1Barer 12348 whakkegroup D)

5 7S | 2
"G R e et KR S S bR § el
ondsS @rhﬁ@réaﬁqmgpime@téwcmqé@ lmopid aandl 2kelfy ttieat

backbone vector (Ad5) with | oops and 2 of Ad2 (Gall
Nighs fAre doepjtefhsky t e W%o‘ﬂ‘(?gss oft Gaw Bt R MRS 2P

ha?&e ahost (1996)ot £ POUPRVECEXn V\@Sre[@éjeséfbﬁ’\%%: hlIQr]gLJYace

| oop 2 was repl aced. Vi able viruses were produced. "Ad2
oandhAdsl bt et it H'ERbyrolptie deeridvonesesctagd. On the

e trallz i on was stlll resent even after
o TAER B (AU ML VRSl B BRI B E e

dﬂmdamtottdse@wduw VL Df svd diedr o Herdtive Bt is now
decreased abili ti/ or inability to be recognized by a

bt e28d A RRL ant ] beRei TR e Bdi HR § HeL Wi iR $Rkpe
b@&%@ﬂé r#@cwo%ﬁrﬁgﬂf‘le@tby e@@ﬁ Noin VE@nreplaced by

the seven corresponding HVR’s of a rare serotype
(exemplified by Ad48). This also suggests that swaps
based on the HVR* definitions of Table IV will also
result in vialble viruses.

The spacer regions between the HVR’s preferably
remain to be of the backbone serotype to ensure proper
folding of the protein. The preferred backbone is AdS5,
although other-, generally used and widely applied
serotypes form subgroup C, such as Ad2 can also be used.
When HVR’s are swapped, preferably at least one, more
preferably two, even more preferably three, even more
preferable four, even more preferably five, even more
preferably six and most preferably seven HVR’s are
swapped.

The Ad5HVR35 and AdS5HVR48 vectors that were
generated as disclosed herein are substantially more

immunogenic than recombinant Ad5 vectors in the presence
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the swaps are within the sanme subgroup. To
nevertheless try to obtain such vectors, they al so
wo eooem4360 exchange the | oops of Ad5 and repl acECT/RRI005/055183
with the | oops of Ad? . These attenpts failed, no
us vvas uced catl t.hat _swaps fro

bl
o A R LRy e e S o & o SR 1Y

dime@@@lmtmlw@Mﬂl fpﬁ@t’éém of AR i$ AY5-infected
Crawford-M ksza. O course, with the knowl edge of the

ing¥wldephon 2retiuctREe atankmdto tm@h@é@]sﬂs%ﬁ yt}g]”e‘?iécﬂﬂ cthe
H\E@d.lrfé§%‘ié>9 CaP Dg3ACch gved ¥ arl%[e neFal d&f rue
1 O a cosm

ogy techniques, resulting In sm ds
fehould EViR'osletdlogn t ficorerd 1 ¥ &mmmntnmrEel(@me,l Gl)thh

Vi rus. weve for ke]
m3EP o MR HETOE AT bl S bock @b Al ochibt e Adee,
adexoim$tagsg ure and its role in capsi d forrratl on,

vi abl e viruses were not obtai ned when the hexon- codlng
regi®dh ReVvhdeR Fowd XEREVRAS Bl -7) 2003)ses Gatonteaiming
St e Y, X I 0
a#%s% dr?o ex%h%é%%%@tn%e eng?(lpére %2%)5;1& é@\/\/aﬂs\hgllgoo
AdBNtienedcs bt 4 hel odderhaapss thet diidsredush aspre-

enton nmay have sjgnificant neutralization ep| topes to
i FHEERLEY ubENFEH R ARES A SR W

viﬂY@ntﬂ{J@s Aok Nen P ESENEnd VENLEOM @ SO ddd efbdrs in
generate chineric adenoviruses based on AdS5 carrying

nhe pER$ csdiekorg pr of @F nsnslonpee safmgvlth‘eemﬁmsts 0F g IASES
or Ad4 8 in placeo H\/R’ S wdedb

R OrE M Ks? ulr%dﬁmurr ?1599%‘3'10%%% BRI e

b®ttitd ¢ metth dYp R redn v Bl dre t dndf 2009) boo Sthise @éd‘@dﬂipt s
failed. This was in concert with the findings of

r@%ﬂsrﬂ%llt}é? sAme - P IR FIR HE ROt OR iR HhyPHridifict i on
vé%c{ﬁg%gg%rﬁgntﬂ%féﬁﬁﬁﬁlc application with an Ad5-based

vector in individuals that have encountered wild type Ad5
infection previous to the treatment.

Based on the identification of the HVR’s as
disclosed herein, numerous combinations between backbone
vectors and other adenovirus serotypes are now feasible.
The knowledge can be extrapolated to the hexons of all
known human and non-human adenoviruses. Whenever a prime-
boost regimen is required (not only for settings in which
Ad5-based vectors are required), the knowledge provided
herein can be applied to construct a vector with stealth-
capacity, namely circumvention of pre-existing immunity
against the hexon HVR’s present in the previous applied
virus. It is to be understood that the chimeric HVR
vectors as disclosed herein can be further modified by
methods known in the art. For instance, the fiber may be
altered to yield a specific targeting ability (e.g.,

fiber knobs from subgroup B viruses, placed on subgroup C
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wherein the hexon parts fromdifferent subgroups were
exchanged (see above) . To tackle this matter, Rux et

wW@k00s/0§B803) showed new hi gh-resol ution PCT/EP2005/055183
crystal | ographic refinenents that were made of the Ad2
and Ad5 hexon structures to.resolve earlier. foun

PHTFE Y Bcss i PRI ot Fefs° heXor B tlr st Ty sts

p¥ Bifdht§ el b ol Heve deddmdti©nc odethe, regt oNs Aw tdkdng he
hexon protein, indicating nine HVR s instead of
0% e @u‘ke%‘toﬁlwquk@d%)a%lw i]@@?ﬁdﬁ%@t%r@@“@fwm
£ MEXAPR PL OF £L N #%t'ﬁé‘{%&*e "Rha ®, ¥4 OJEL@tha%eE‘he fiber
esi gni ng nove adenovi r us-based vect or's. e
knaty et fos smafn t dvet gresesntt | o erd copt @t soecosgredtion) from
roduce chinmeric adenoviruses copprisjpg chipneric
e xbPr BT e t P SRpTEd-IVR 251 | TBLbH! i ¢ hghe scope
oflethdi $+ ONSHPT OVh&iedi Y Ra©dd 8o - ad2QOB) ra1 HPVEYEFs
again, no viable viruses could be produced. Cearly,
cormzets brg thexeed i bhat onge pelolneletc i witherespeeiegae dilmrir
H%Qﬁ%hexon HVR s , reconbi nant adenovi ruses havi ng one
or nore of the HVR s exchanged between a backbone

VectThe anelr @t diet 1 5ed ofy pehe adrt easll bedweaen able, with
adenovirus serotypes of different subgroups, could not

the MOMRIE FHVIIREMIFSID theCPP et i FRENE?P on
pPEYEHOW dient L L b sth seven FMR 1 Sa M dAT de AlIR.

{k,
adenoviruses that differ fromthe seven HVR se
adeleen i fuses bywiCk clinf oz te Mks zar aner SCHVRITS (QObEjednkly

kAl |so differ_fromthe nineMdol—l\/R’ srideﬁ]éifiedb

x> et " Al OHT00%) ST R hu TR TA T on- AT AT YT ©°F

tHAESHVRVE N O dsd | tish €t i 1 1 d&b| €ndbble Whies eas ddmove
even nore mnimalistic definition is provided in Tabel
these RrpARRFRNtAH tPesee HIES] RPHhelons within the

hexon to introduce other substances, such as targeting
ligands to target the adenoviruses to cells of interest
(in vivo and in wvitro), radioactive binding sites for
tracking adenoviruses in vitro, and certain B-cell

epitopes (such as described by Worgall et al. 2005).

The present invention relates to a batch of a
recombinant replication-defective adenovirus based on a
serotype from a first subgroup, said adenovirus
comprising a chimeric hexon protein wherein said hexon
protein comprises sequences from the serotype of said
first subgroup and at least one hyper variable region
(HVR) sequence from a serotype from a second subgroup,
wherein said first and said second subgroup are not the
same. Preferably, said first subgroup is subgroup A, C,
D, E, or F. Also preferred are batches according to the
present invention wherein said second subgroup is

subgroup B or D. More preferred are batches, wherein said
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resulted in the production of viable virus . To the
best of the know edge of the inventors, this is the

wo poos43800e t hat anyone has been abl e t o gener B BEP2005/055183
chimeric adenoviruses conprising chinmeric hexon

roteins, wherein not entire | oops are exchanged, but
thier TIPTHENI T | RROTRR & PR oAt Vi T O S
shedebipat ihimds s dhe dhesdisucLrssdatofpetomn

obt ai ni ng reconbi nant adenovi ruses conprising chimneric

SYRKEATID IOt RF 13, 1 5vhee ke ¢ ¢ hel HIK OFSC COMIR seopuk51A9 vk :
AGLENON S 4IS 2816 y;g&ﬂ,f r&&@é,mgggm fet g g@%&%& lhe

conceptual basi's for the re Inition o
was I aseredasesd eshiardienci df Ese jpinedenn poverision,
It . can, neverthel ess not pe excl uded that shiftin

S OHEwo" OrFEThapC evEh ¢ HIRE S n %C%ZI%S?OW

sddpfebes AN RT - HYR QY /1 HHISa TRYs SHhh HTH ¥d Ak Bc /e CLIDYISE -
However, the definitions as previously provided in the
HEr1), Feore fotexeif Yrei eremt 32 i osheend i SPEr /et or s

it ) . h Cnition . .
e o EDlEe AP ORS e d MEpSER I A 2R RY RGN Btk cein
r@isa g gttie sdmfris amyd ad spugti @vs def gdod baskbdse (Beeus
Table Il in _conparison with Table | . Preferab
betheeerdits e LREfeNCER § asthe e e P I D

s%@eﬁég%@@eﬁﬁaé@ae%ﬁﬂ egi @ttt Rk snapped

etween serotypes . Ad5-based vectors containing one
replaged BWR binkexchangeeldeeain i35 (BibgeoupeB9 Hrom
Ad4 8 (subgrou ) re constructed .as disclosed in
PSRy Meff GRS Sakm
1 Exichenoete HVE ¢ tats rhadketyidddtaNAbsranenchdegded Tiois
any of the HYR s it is preferred to have nost, if not

enABleRreng §¢ grredues & KRRy pddh FFacetable due to

their hexon-backbone structure provided by the non-HVR
sequences. It is thus preferred that the sequences
between the HVR sequences are from the serotype from said
first subgroup.

In a highly preferred embodiment, the present
invention provides batches of adenoviruses according to
the present invention, wherein the first subgroup is
subgroup C and wherein the at least one HVR sequence from
the serotype of said second subgroup is selected from SEQ
ID NO:24-79 and SEQ ID NO:95-150. In an even more
preferred embodiment, the HVR1 sequence is selected from
SEQ ID NO:17, 24, 31, 38, 45, 52, 59, 66, and 73, wherein
the HVR2 sequence is selected from SEQ ID NO:18, 25, 32,
39, 46, 53, 60, 67, and 74, wherein the HVR3 sequence is
selected from SEQ ID NO:19, 26, 33, 40, 47, 54, 61, 68,
and 75, wherein the HVR4 sequence is selected from SEQ ID
NO:20, 27, 34, 41, 48, 55, 62, 69, and 76, wherein the
HVR5 sequence is selected from SEQ ID NO:21, 28, 35, 42,
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of the wild type H/R s of the backbone vector. On the
ot her hand, such |l arge swaps mght result in noredif

wo e@al1038®- produce vi abl e vectors. Herein, it PGI/RPW05/055183
di scl osed that all seven identified H/R s within the

13y The o el et TS pomdl i Fi 1S VS Tar i e
sdBxergd | fef dyo Ao 2TNizo al 3§, samgest s s hateswaps,

based on the HVR* definitions of Table IV w Il also
apgs(ft I Wher e VitesERT eeenrr els reglorise et irien

sEQeryMib: £3 PTES L1Ep) Vol e 1 30, Dgs O3 Ney DRCKDONg, ver

b
serotype 10 ensure proper f'oldihg of the protein
anprtefer rede Hackdid nemibed ok t al t o UfiiR bt dhequengenSiak1 )
. used and w del | i ed serotypes m gro C
18 Setodnt e SRR EIGES YBhen G TE E b,
196 ef 3 APl dn@t14 £aSihOnein "KL Wpries ei@@ﬁé’néé\oéﬂ\ﬁﬁlﬁn) is
nore preferably three, even m)re(bfreferabl e four, even

serr et gt ef eerb3ER f IR VO e¥%n Mo el pF ef BEGbI Y1 6i x1athd 131,

st abl Y, e HVR35

K e il St et b s Loh i K gt i

sé‘lﬂ@ti:édalheorﬁ;bﬁmmiwd)i%ma immnogen,i cltham25, 132,
r econbi nanéyeAdS vectors in the presenceof anti-Adb

13t d y! 4 becHtRee NabSTe Vi th S abiTRA o rett ed
s@OALNSY £RG hexOnTPNRs &1, 03g Adbpd n 7O infectesls, 133,

i ndi vidual s, are no |longer able to neutralize through
14he R 147 of whexoin of hAdBER antkefuRi8ze THGRI Batis e

LBl el gl i MoS (aken SE o el KB 1A €1
14026 ndAdB4s, AddSre Addthe AMREO SELANSD. (HVR6*) is
selected from SEQ ID NO:93, 100, 107, 114, 121, 128, 135,
142, and 149, and wherein the HVR7 sequence (HVR7*) is
selected from SEQ ID NO:94, 101, 108, 115, 122, 129, 130,
143, and 150. More preferably, the HVR1l sequence as
represented by either the HVR1 sequences in Table II or
by those in Table IV are deleted from the backbone
vector. The reason for deleting the HVR1 region is that
according to the crystal structure of the adenovirus
hexon protein, the flanking sequences of HVR1l are very
close together, indicating that these flanking sequences
may be directly linked without loss of structure, except
for the deletion. In another preferred embodiment, the
HVR2 sequence as represented by either the HVR2 sequences
in Table II or by those in Table IV are replaced by a
short linker, more preferably by a two-amino acid linker,
most preferably by a OG linker. Also the HVR2 flanking
sequences are close together, following the crystal
structure. However, as they are slightly more apart than

seen for HVR1l, it is preferred to include a small
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A s shown bel ow, Ad5HVR48 (1-7) viruses, containing

all seven HYR s of Ad4 8 in place of the seven HVR s
wo@boosd#330 esults in a virus that i s not hi ndered/Bp2085/055183

pre existing immnity induced by a pre-injection with

IS now. enabl es 0 _us d5b ed

oS Pt O BTt g LT ek aods s ox 4
arfih ez HDOS] e r@f@fd\mﬂsﬁy | tRéBoF£O U f VR NAt fEdR the

receptor recognition between the primng vector and

hefen H@%ﬂ?ﬁ@ev@& ordeEhes nkUEHen sHPrayRAErg an attack
b%ﬁ%’%%%i%#%%@t e il @eel Ml o fladOeTBReH 4 Ced by
thdaiViiave mwmrt,erad wi ¢l dn‘;/ptshe!\chryswlfebtsmuqmuem alis
tothetreat sedo e i atlo of. t he
dPRAR "L R s EF ehet’r% EﬁreP?\ZRu% i %Héexon
pﬂsaéey\_@@mb@@dﬁb@r@ey@@é ﬁ?a{‘@soé\l;@faﬁﬁe@@ﬂxhé%e and thus

serotypes are now feasib The know edge can be
Pes@ Hapo! Bt edf wecthen xdnso bt B | camdigh Frirremt bor-

o R Ry ARET o PRI A0 RO B s
HWR'CS Ortsharscdesutd esl thé heemm]eﬂgarpr@m etk t‘@ps@ct:ttﬁlc

can beﬁh%]g lied to construct a vector wt
‘IR t CE%%E?? Ya AR VER r"c%n’i)é%t%rb‘ﬁe%‘%oﬁ Alexiie |nge

of AN Ay, agaidistnd hes fexpn iMe sci@seny 4 dhSvided
previous applied virus. It is to be understood that

heteichi tee | sk aee0sen asi dl stdwsesl dHekei to cdatdenine

fur r nodi.fied b t hods_known_ in the art. For
Ol PR Tl SRR At POt Dding

tHarges fagredi syt (ee gAd241 bEie kinodso f r DMy Sorxgrofipcite
Vi ruses, qlpl aced on subgroup Cbased vectors may be

HY%uiﬁﬁéxﬁ‘%ﬂsﬂﬁxﬂ#ﬁ?n@%#% eklIte RpFesRRY ITHRBHIRt s,
dendr iihientebhSa18bCrh1atAl €%2MRkeuse of an isolated

nucleic acid encoding at least one HVR sequence of an
hexon of a human adenovirus serotype from subgroup B in
the construction of a chimeric hexon protein, which hexon
further comprises sequences from an adenovirus from
subgroup A, C, D, E, or F. Furthermore, the invention
relates to the use of an isolated nucleic acid encoding
at least one HVR sequence of an hexon of a human
adenovirus serotype from subgroup D in the construction
of a chimeric hexon protein, which hexon further
comprises sequences from an adenovirus from subgroup A,
B, C, E, or F. Preferably, the at least one HVR sequence
is selected from SEQ ID NO:24-79 and 95-150.

Table III summarizes the various embodiments of the
invention. The table indicates that the invention relates
to a chimeric replication defective adenovirus based on a

backbone adenovirus comprising a penton and hexon protein
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of such a vector would be an Ad5 based vector
conprising the HYR s fromfor instance Ad4 8 and at

wo ems43be fi ber knob (the nmain determ nant of PCBERPI®0S5183
recogniti on) fromfor instance Ad35. Such vectors all

al | the sco e of present .invention rel ated
oF SO0 51 VRSTOTS RORD 31y, Wok N Chat drein 4 Fe
oﬂfem%ypewih fespest é&n;mﬁﬁmfw fBoer THEmPeEr SOy a
skilled in the art will now be able, with the
tachbwitrdige Phavi dell sRreiyRe tlo Tehst rkreb (il T P FerRIce
w%@@ £. reconbi nant replication defective adenoviruses,
have one or nore HVR s replaced by HVR s from
- of hies adendynowusess oreoyes | s¢heciseduenoestiof ¢heup

ro ed herein w ]l nowe |l e one to renpve
C‘?%Jsset%‘g%&% WYn AP UG HS el posi t3 o P t he
cAeXQN- I oah hFoglice Dtherc Subst aem&sa ISSEThassd A6 G@td Ng

Ilgands to target the adenoviruses to cells of
~ihte? ezt Jdenovvorantr Tt xee reyleckedi et i Mee birring

_Ceﬁirg%i@gf%&h{}gu SN0YI LSS 11 VALT 06 angl cod Al fi,

opes escrl bed by Wor gal
42005 50 ,Thehqrese it amemtmam hseltat@sSatrme aDJbaiﬁftE@erIat
reconbi nant %%l cati on-defective adenow rus based on

and g %’f%/lp‘é T romREEIFRst IUbFIRET saf T HReholAels? to s

Mé&lﬂga@ J_ql_m)gre;@ hexon protein, wherein sai d hexon
protein conprises sequences fromt he serotype of said

- i rkt aubyloupyiarnds ateteagre ofeldyiped Legn abte gegion
o{HUR pegusnae. L1 oM 2. 567 OLYRS. f.0m 2 secand, subal oup,
er el aid first and sal secon subgr oup ar € not
cdmEnsarean Refms-abl ¥, psed Thd+ ; SAn@ UL @ Ss StMgyRIP
k) C )
wherein F, X and Y may the same or different; and
- K is an adenovirus serotype that primarily uses CAR as
cellular receptor, wherein K, F, X and Y may be the same
or different. Preferably, at least part of the tail of

the fiber protein that interacts with the penton protein

is of serotype X in the event that F is not X.

It is to be understood that the backbone adenoviral
vector may be any adenovirus (made recombinant such that
it does not replicate in normal, non-packaging, cells)
that is applicable for use in humans. Any of the human
adenoviruses known (serotypes 1-51) within the six
subgroups A, B, C, D, E, and F, as well as known simian-,
canine-, bovine-, ovine-, and porcine- adenoviruses may
be used as a backbone vector, as long as it is
replication-defective and as long as it is applicable for
human treatment. The backbone vector is replication-
defective by deletion of at least one functional part of

the E1 region, preferably by deletion of the entire
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D, E, or F. Aso preferred are batches according to
the present invention wherein said second subgroup is

waeamgnaspo B or D . Mire preferred are bat ches, PGIEP®DFI055183
sai dfirst subgroup is subgroup C, and the serotype

f ' b C js_Ad5 d i id t
r i S ibe e b o A S At (e e gree e
t $ONSd 51y "o 1 ASH | thAd2dhe AdRDr1 AOB3dd ABS, rAgHiShs, the

Ad49 and Ad50. In a preferred enbodi nent of the _
sk bErMtPE Yt 1 DB VEER (P EHierpes hidkbhl et epprvided in
i ' S| S - ) , or
TR Ve SRR LehTthaes (TR SR (T OTa & Ser ot ybe
pfotomsailoly sectoand reedrgs oufor | imatrextdrerthoredie r ed

enbodi nent, . sai d, hexo rotein retains the amno acid
G IR O o Do D VT RS S a1 TR che

p SEH SceIUSrad $1fo AREG 0§ udRT €L dVR 15 CERIRNELSe ASt he
defined herein may be del eted, nmutated, replaced by a

reqinkesd gruekpl acei dy sraltVR Seip@rrteed rom Hpdt Jripome .
, ) e f n | ki t he
iR R PG e SRR R AR s
addreot Or I ogkrcene/ i wlislesar el deBetsi@b) eadieptofdheh Ty
hexon- backbone structure provided by_the non-HVR

ak3uEndes 991500 hely YT E1e P Fat TP he Skrieheeus

nReideen dNes FYR seaquences e hdPmd her SeLot ypec i om
said first subgroup. In a highly preferred enbodi nment,

redreopresein §hwenl i vrgprovi eesbdiat c HBlze of ereelemow r uses

rEEEQII N Lo L hepr esent  avept) on,  whey ei . e, L1 s
subgroup IS subgroup an ereln e a east one

atd/Rysestence proseithe serlodyge e Saimh B aso nebplbgtiotped
is selected from SEQ ID NO 24-79 and SEQ I D NG
sepanaeely Juhlpy refpetion in a packaging cell. The

vectors preferably comprises an Ed4orf6 region (possibly
from another serotype) that is compatible with the E1B-
55K protein present in the packaging cell line, as
disclosed in WO 03/104467. This is done to enable
production on known packaging systems such as PER.C6®
cells or 293 cells, when the recombinant vector has an
original E4orf6 region which is not compatible with E1B-
55K of Ad5 present in such cells.

The backbone serotype is indicated above as ‘X'.
Further, the backbone virus may be engineered such that
it contains HVR’s from one or more of the adenovirus
serotypes selected from human Ad1l1l, Ad24, Ad26, Ad34,
Ad35, Ad48, Ad49, and Ad50 (indicated by serotype ‘Y’).
Clearly, when X is one of the Y serotypes, the HVR’s may
not have to be engineered as these serotypes are
considered ‘rare’ and encounter only low pre-existing
immunity is most individuals in the human population. So,

when X is one of the Y serotypes, the number of swapped
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preferred enbodi nent, the HVRI sequence is sel ected

fromSEQ I D NO: 17, 24, 31, 38, 45, 52, 59, 66, and 73,
wob@s®eia33t he HVR2 sequence is sel ected from SELT/EPNGE/055183

18, 25, 32, 39, 46, 53, 60, 67, and 74, wherein the

i ted.f 1D 219, 26, 33
wify S BN NEL? BRGSO, Tl e E it e
alsSo selectath f&04m SERA X NQ 26bt 20ne 39t e BSsebStyhs,

69, and 76, wherein the HVR5 sequence is selected from
atsEFIs e Af Uz BR' 92199l rag a 68, seuptypry Mherein

- e
R o M Ty SEHANES S SRR Bl AR R &
sd¢het FPR7 srduaneeeis Sel ectmos f rom SEQrdd INO 128ve 311
37, 44, 51, 58, 65, 73, and 79. In yet another,
SOFer 1 1RGP b, FOhe IR O SenRRME 1 vig S ong from
a Sel ggtedy,f& om SEQ 1 D NO 88, 95, 102, 109, 116, 123,
130, 137, and 144, wherein the HVR2 sequence (HVR2*)
i s sEtedvaekborsn SEQS PNGISY, Pgssenp3invameian 7, 124,

BT P NG ot oG SR s
pd@2oodd% i and. 1Mt bdetsdme thierkd/Ris sbeuameei ¢ HVRE*dhe

is selected fromSEQ ID NG 91, 98, 105, 112, 119, 126,
sy Rt S AR ARG EI T 1 hetHASE Lo qlmen g KRS *9 T

md Se SRYECS e@xé}ﬁ&'ﬂ%&?@ﬂ %M@j?tu@@d%l%/éﬁsin 12k d&fse
134 48,

, 141, and 1 wherein the HVR6 sequence (HVR6*)

that sdheciEekf roneSEQ | 33 N DB ri19endOyr; in4thd 2dense
128,,.135...142, and 149, and wherein the HVR/ sequence
RS TR R e T 1 bin S 1D NG 94 S0 1 S 108 P 110
tHR 2badikSond 363 rd43, Tied dodSi b bt ey pssef et abtiya t they+HARL,
sequence as represented by either the HVR _sequences
£oh PEMIRLE 12 oF IR TRARE i A4 CH R ards dedtd D AR -

Hé*@%@@ﬁk&gﬂ@'vectors are not ‘chimeric’ in the sense as
described above, when n=0. Not-chimeric recombinant Adl1,
Ad34, Ad35 and Ad50 do not fall within the above given
definition, as the fiber knob should always be from a
serotype that preferentially binds CAR, which these B-
subgroup viruses do not.

The fiber is from a serotype indicated as ‘F’,
comprising a tail from serotype F, comprising a shaft
from serotype F and comprising a knob from a serotype
indicated as ‘K’ . Clearly, when K is the same serotype as
F, the fiber protein is not chimeric. K is a serotype
that preferentially interacts with the CAR receptor and K
may be the same serotype as X or different. Clearly,
certain human serotypes, such as those from subgroup B,
do not preferentially interact with CAR, but preferably
interact with another cellular receptor, such as CD46.
So, when K is the same as X, X is not one of the subgroup

B adenoviruses. Also, when K is of a different serotype
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vector. The reason for deleting the H/R region is
that according to the crystal structure of the

w@d®aowizsus hexon protein, the flanking sequenP€BEP{005/055183

HVR are very close together, indicating that these

o B S B e s SEMr LT T Wi d 0850s
t 1 ef £171 egh £rbneh ded + s ter HVEEh 5&E UBN Ceh AScd 1B @ SENt &d

by either the HVR2 sequences in Table Il or by those
SEFPTYRS X4 \Aardhdlepr el ltf%ﬁlali‘shﬂemtpmwearandmﬂeable

r o) i e
TR R G e AL E R R R
gehaseo f oget hietowr odtdmvrgrmdrms caystmabw sdvaictaibble in the
However, as. the é?e sl ] re a t .t han, seentfor
e

ApRIIC IS %ds}f $Br ot 97y

iddmkery tHefesab) YSI@aJ’fﬁrEK&E l@ﬁoﬂ- rego-lan 3tor dvér 2MA®wn
acids, nore preferably 2 . Renmoval of HVR s fromthe

arp xRt rﬁ@H@e béle¢reverrdladonaitiomsin preventing an

attag n deter
pr esen? edr%%)t hk%gt{rj—‘l\fl:F?E iﬂ%r%m% é)}ggﬂ%]f%l e(%/vfo {}ﬁ&fc
répyﬁattlcsmdmfemelvé abesondtuseendeasibie to tedete

HVR3-7 fromthe hexon protein w thout destro |ts
ormaal | i At o A SRR DS

AdHERD §(C2PS] dadDivi4 P17 A tm%‘@lhﬁ%oﬁﬁﬂ‘ﬁ@@éﬁl—

is also preferred for its s , the sequence of t
ThexiatbIirid 1 'oF , tAdSHEREE(T10) + ASHERFN Y P Nas

th t t il
Wg ess %éﬁﬁ{%& achﬁn%%‘é%? gi/l% ed %‘?Hev%% (1=
6xha@mvmw(wﬁpmwvamwb@ A esSHwR 4Rt Bréy ne t he

s wthin an adenOV|rus hexon roteln i ncl udi n
AGHAVRS R br S ot AR B0y M) MIASSIER T Chiny APEVRZA B

aAdbRRS6 of ) ,Adp?&waﬂ 80 p%smw@l Pr eES5hvR AW BN | on.
Ad5HVR49 (1), Ad5HVR50(1), Ad5HVRPan9(1l), Adl1lk5, Ad24k5,
Ad26k5, Ad34k5, Ad35k5, Ad48k5, Ad49k5, Ad50k5, Pan9k5,
Adl11f5, Ad24f5, Ad26f5, Ad34f5, Ad35f5, Ad48f5, Ad49f5,
Ad50f5, Pan9f5, Adl1k26, Ad34k26, Ad35k26, Ad50k26,
Pan9k26, Adll1f26, Ad34f26, Ad35f26, Ad50f26, Pan9f2o,
Ad11k49, Ad34k49, Ad35k49, Ad50k49, Pan9k49, Ad11£f49,
Ad34f49, Ad35f49, Ad50f49, Pan9f49, Ad2HVR11(1-7),
Ad2HVR24 (1-7), Ad2HVR26(1-7), Ad2HVR34(1-7), Ad2HVR35 (1-
7), Ad2HVR48 (1-7), Ad2HVR49(1-7), Ad2HVR50(1-7),
Ad2HVRPan9(1-7), Ad2HVR11(1-6), Ad2HVR24(1-6),

Ad2HVR26 (1-6), Ad2HVR34(1-6), Ad2HVR35(1-6), Ad2HVR48 (1-
6), Ad2HVR49(1-6), Ad2HVR50(1-6), Ad2HVRPan9 (1-6),
Ad2HVR11 (1), Ad2HVR24 (1), Ad2HVR26(1), Ad2HVR34(1l),
Ad2HVR35 (1), Ad2HVR48(1l), Ad2HVR49(1l), Ad2HVR50(1),
Ad2HVRPan9(1), Adllk2, Ad24k2, Ad26k2, Ad34k2, Ad35k2,
Ad48k2, Ad49k2, Ad50k2, Pan9k2, Adl1lf2, Ad24f2, Ad26f2,
Ad34f2, Ad35f2, Ad48f2, Ad49f2, Ad50f2, and Pan9f2.
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The invention also relates to the use of an isol ated
nucl ei ¢ acid encodi ng at | east one HVR sequence of an
wheooen4380 a human adenovi rus serotype from subpeDEP20B5/055183

in the construction of a chinmeric hexon protein, which
hexon further conprises sequences from an adenovirus
fromsubgroup A, C, D, E, or F. Furthernore, the
invention relates to the use of an isolated nucleic

acid encoding at |east one HVR sequence of an hexon of

a human adenovirus serotype from subgroup D in the
construction of a chineric hexon protein, which hexon

further NQTFYRMIBSHED WPONFILING rom
subgr oup , B, C, , or . Prefterably, the at

| east one HVR sequence is selected from SEQ I D NO:
24-79 and 95-150. Table Ill summari zes the vari ous
enbodi nents of the invention. The table indicates that
the invention relates to a chineric replication

def ecti ve adenovi rus based on a backbone adenovirus
conprising a penton and hexon proteinof serotype X ,
wherein n HYR s in the hexon protein are of serotype
Y , further conprising a fiber conprising a tail and a
shaft of serotype F and a knob of serotype K,
wherein: - X is an adenovirus serotype selected from
the group consisting of hunman adenoviruses 1-51, a
siman-, a canine-, an ovine-, a porcine-, and a
bovi ne serotype; - Y is an adenovirus serotype

sel ected fromthe group consisting of human
adenoviruses 11, 24, 26, 34, 35, 48, 49 and 50,
wherein X and Y may be the sane or different, and
wherein n represents any nunber of HYR s fromO to 7
, provided that if XF Y, that n = 1-7;
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- F is an adenovirus serotype selected fromthe group
consi sting of human adenoviruses 1-51, a siman-, a
W@ 206080330 an ovi ne-, a porcine-, and a bovi ne BET/BPPE)55183

wherein F, X and Y may the sane or different; and - K

[ denovi rus serotype that primarily uses CAR as
E@ﬁ]@% receptor, wherein K, F, X and Y may be the

same or different. Preferably, at |east part of the
tail_of the fiber protein that interacts with the

EXARYH br otRternatipnabsriorrovaiense e AR Hetters sto

A&g)t 3835“ and AgiPe understood that the backbone
adenoviral vector may be any adenovirus (made

recom}rsmmlﬁmhlélhtaatalizxiwsammms@pl (&t e Jremspsmsn@é
non- ackagi , cells) that chabl e for
o P Ay R et S e et a Lorat o
aésa'»:'}é JhAdum 1es $1 Fe SHPBOYNSy Asprhgets .e® al E (20 .

, as well as known sim an-, canine-, bovine-,
Bléwfﬂev Wﬁmmmeluw@wm@@% %&l%@@@éoph%t%d at a

ne. v. , [
repihgg ?I fﬁd&; é:c?fllslvse %%d%zeslﬁ orI1]g 9a65 W|etll glgﬁ:ﬁ | cankﬂ e
idofcthedrewn tH el -rante tdde baskbenei secimdomsetent Ad-
replicati ondefective b%/ del etion of at | east. one

LGt T otal TRRATEOF THES BIUTeyi dn, 2 preferRbt g by of
it etion toine£mid eﬁymtzﬂf@id Hef gl o144 {hiouabe

t he backbone vector typically conprises the other
S@Jaﬁrhyllan?bo@ atle regtiohsn thkumrks | I%@lkmm 1% lawnare of

|0 B0ssi DL g5, provided 10, the ail 101 £onpLeneNl oy

ain require denovita p¥ i ns by 0

ud Diig | s aPCEa d P+ LY N ICOTTPE 1B t Rk & e Sﬁhsﬂf@h peﬂ’romega) .
viruses or by having the packaging cell transforned

SGucte il it tpriserr s et dif F P hRY eflte de¢fgmum

sSE@R! i 10t £ atiede | Mo S BENOI®Y08 of luciferase
activity.

Further to the studies disclosed in WO 00/70071,
experiments were performed to assess the seroprevalence
and NAb titers to Ad5 and alternate Ad serotypes in the
developing world. The luciferase-based virus
neutralization assays from Sprangers et al. (2003) was
applied by using serum samples obtained from healthy
adults in the United States (N=19), Haiti (N=67),
Botswana (N=57), Zambia (N=29), and South Africa (N=59).
As shown in figure 1A, the Ad5 seroprevalence was 50%
with relatively low median titers in the United States.
In contrast, the Ad5 seroprevalence was 82% in Haiti, 93%
in Botswana, 93% in Zambia, and 88% in South Africa.
Moreover, the median Ad5-specific NAb titers in these
samples were >10-fold higher than the median titers found
in the United States (fig. 1B). These data extend the

previous findings (Kostense et al. 2004; Vogels et al.
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Typically, the viruses of the invention conprise an

adenoviral genone wth an El deletion, and preferably
w@bme/0#a33E3 del etion to provi de space for het epOI/BEHOS055183

nucl eic acids of interest that nay be cloned in the El

|on in the E3 reqgio r both . T r emai
2069 T el e "B O s L ig NS Pl a1y
uﬂ;ie@ém@l aded genes @t Vi priesgmnt £ ©é  HoughchdesevdByp heg
%ﬁl enmented separately during production in a

gIIth%IétF#as’q'het%ch@f]s @%f%@%l@emﬁfﬁ\@e@% and
v
B e S U S

packagi ng cel I line, as disclosed in WO 03/ 104467
ThIS i s, dope nabl e productj on ackagi ng
BTk 2 o Pt daRt an [ Sar L of BT TedLEGR ]
né@@rgmﬁgwﬁlyﬂiég has an origi nal Edorf6 region
which is not conpatible with El B- 55K of Ad5 present
in stith sEmpkes Thet blrkdokle g qeypel s i erfimatediere
K b S
eSO el s oS hOT AR AR P
tag et ©f o f hed Breemeyi fiis s Ot yipasose! Eod atSA rama Mmmn

Adl |, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49, and Ad50
SINFAR AL B~ et 6ty peis 130K @hAtiECiRle WAR oS o

rddec % 56 Y PRSen tAes MR Aadmy fied éﬁﬁ@ﬁ&ﬁbﬁﬁherlc
mred as these serotypes are considered rare' and

A v1m@8|mpm%smslm¢@f¢mﬁm|a§/ fargmlst in

o A i dyal sy {0, £ he, hunmn, popul ation, Spy.when, X i s on
of 1 he 1ﬁfsero ypes, The ¥1 er o svvapped?—fvﬁ’ ?]f%

congbet oLt @ik byorbinat idys bef zad®, axhthmSmelin,
whereas, when X is not one of the Y serotypes,

PR, GHRA of LR¢e BIAEC KRS siTt rohf LN bt oAk arrus

particles with wild-type growth kinetics (Havenga et al.

e

2002; Rea et al. 2001). The chimeric vectors used in this
study included Ad5f35 (Ad5 containing the Ad35 fiber
knob, -shaft and an Ad35-Ad5 chimeric tail), Ad5f35p35
(Ad5 containing the Ad35 fiber and -shaft, the Ad35-Ad5
chimeric tail, and penton), and Ad35f5 (Ad35 containing
the Ad5 fiber knob, -shaft and an Ad5-Ad35 chimeric
tail).

As shown in figure 1C, comparable NAb titers were
observed against Ad5, Ad5f35, and Ad5f35p35; all based on
Ad5. Since the capsid of the Ad5f35p35 vector contains
the Ad5 hexon but the Ad35 derived fiber and Ad35 derived
penton, these data suggest that the majority of Ad5-
specific NAb activity was directed against the Ad5 hexon.
Lower but clearly detectable titers were also measured
against recombinant Ad35f5 (herein also referred to as
Ad35fib5), demonstrating that Ad5 fiber-specific NAbs

were present at 5- to 10-fold lower titers than Ad5
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it is increasingly preferred to have nore H/VR s from

a Y serotype, and wherein it is nost preferred to have
wa@bkdosm®sen HVR s exchanged for the correspondP@mEP2005/055183

regions froma Y serotype. The backbone virus of the

resent invention conprises a penton protein of the

n TR TSy b WAPT e DR ToraP T 15, ohe SACKTORE™
spbdUSi & NASH wrd Cned Sutdhe $eNse thdde eFihesed heplexoie

is chinmeric (having one or nore H/R s exchanged or

SHub ¥ tNAle oy 1 &R (193t herdehde andtAdne3 Tpbersuggested

tein is chi . . ber
R G T TG PG g oy SRR T Beribbne
mimowisrolldeipossi binetyrakizsdtsidhmat X=Y=F=K, for

exanpl e a reconbi nant Ad4 8 vector, as Ad4 8 binds
CAR. However, such vectors are not ~chineric' in the

Ef&8fSEe 35, (8ekd i derbdhoF AdIBES Ad Addkks5 chineric
reconbi nant Adll, Ad34, Ad35 and Ad50 do not fal

wi t iRecemel ol A3 verr IRd | VA ¢¢ DPES adre hitnfukegekhobln

ySc b C ) t fe '
R R T AV I SRR
Adiberacside®mee soiot yipei ¢adi ¢ al @ss asniunogercddrphan Ng
atai] fromserotype F ,_coqg%ising a shaft from
CEAHREFE 2 %‘%‘BPP%? KNP TR L5ty pedd
i £8) el ASolkch et A LA Y64 W6 IS | Srdbfer®@®s now been
serotype as F, the fiber protein is not chinmeric. K

overeomeroy ypens e cipred ezams 1Al ¢lyimen k¢ acecomp imantherd3s
R S S
wittosend rads seigsoupndh , (tofaotePred eseMAIBLY fort efiest
kﬁ%ﬁr}égggcéﬁgngrfégriﬁg f5 for most of the fiber
replacement) .

Recombinant Ad35k5 vectors were produced by
replacing the Ad35 fiber protein-encoding gene with a
chimeric fiber protein-encoding gene consisting of the
Ad35 fiber taill and shaft (amino acids 1-132) linked to
the Ad5 fiber knob (amino acids 133-314). Ad5 fiber-
specific antibodies do not blunt recombinant Ad5 vaccine
immunogenicity. The Ad35 fiber knob does not interact
with CAR since it is a subgroup B adenovirus (Roelvink et
al. 1998) but instead utilizes CD46 as its receptor
(Gagger et al. 2003). The different fiber proteins direct
these viruses into different intracellular trafficking
pathways. Previous studies have shown that the Ad5 fiber
knob facilitates rapid viral escape from early endosomes
into the cytosol, leading to efficient translocation of
viral genomes into the nucleus, whereas the fiber knobs

from subfamily B adenoviruses, including Adl1l and Ad35,

lead to retention of virus particles in late endosomes
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interact with another cellular receptor, such as CD46.
So, when Kis the sane as X, X is not one of the
waeamgnaspo B adenovi ruses. Al so, when K is of aPCT/EP2005/055183
different serotypethan F (and the fiber is thus
i meric ri_of the tail |nte cts
3 TEBET U T (ho ape) P TSE 61 STk yps 50 S8 L hau
sﬂi\@ﬁ&@ef@ﬁk&% akindf ®pest e, st@bde. capsi d formitl on. A
s nost of the capsid protein-encodi ng genes of the
knowhadehovirdses He rReprREIanbl B¢ inaatd enp¢oding
t t S
ot bbb bl s the sl fed 2t satuty | dRals one
A@@tfik@ezbekrmlsama/@rfﬁﬂadmmedwy ]Flrlefmdedas bnulormlﬂ as a

I J mt n%leé]gn%%est_r S{Ihg‘pl rlréBPE)ezgé%i | on Cii%é/e
t r
pfﬁ%ﬁﬁ@ﬂt (ﬁBF)Ad3§¥ﬁﬁﬁﬁ§@41K1W5)2004¥ﬁﬁﬁ6§2ﬁ Ké Eaplace

Ad5HVR34 (1-7 ), Ad5HVR35 (1-7 ), AdS5HVR4 8 (1- 7),
thel5epREe WInFINg  yeIFHVREENGAAING | the SARPahdogn -kngb .

i (1o SRR o B L MG (digner wien

- Tl SHRARAA § 2L 16) X Ed\d?&HVRE@ 110/6)001 GBS (dnh)c e

AdSHVRI | (1), . Ad5HVR24 # Ad5HVR26 |g Ad5HVR34 g,
W}P%J( %ml c@iﬂ#& ‘%%%?N@@?Eé el O'ﬂ mac239
wa%ﬁé-) ﬁ%ék@aM@d%@%Eﬁ\C@é}(%K cells
Ad35k5, Ad48k5, Ad49k5 Ad50k5, Pan9k5, Adl

(IR MG, 00&672(6@"51 FUBMG, 03’&6@5@@5 ACHIIBﬂSjON@ﬂBDmOlOgOUS

S TR | Vinf¥0d S o Sl I RNES

vl d kA9Th Al 3AkediOo r AcBSE kb i SOkA40E 1 RN HdPuereld f 49,
Ad34f 49, Ad35f49, Ad50f49, Pan9f 49, Ad2HVRI | %1- 7).,
g A1d-Fyrified RIS Y 197 eny pament (4gFtjon

f(ﬁ%%ﬁ;g%(%e;ﬁ%ﬁ%l’ WW&ca?tj(én NethSHIADRF 1©hdwa e the

skilled person. The nucleotide sequence of the chimeric

a

fiber is shown in figure 2A (SEQ ID NO:1), while the
amino acid sequence is shown in figure 2B (SEQ ID NO:2).

The Ad35f5 vector was typically made as outlined for
Ad35fibl6 in WO 00/70071, and Ad5fibXX chimeras as
outlined in WO 00/03029; wherein a PCR product encoding a
partial tail of Ad5 fiber linked to the Ad5 fiber shaft
and Ad5 fiber knob were placed on the remaining part of
the Ad35 fiber tail. The cloning procedure was also
performed using an E3 deleted backbone vector and using
BsiWI and Nhel as restriction/cloning sites. For vector
details see WO 03/104467 and WO 2004/001032.

In detail, the following procedures were performed
to construct pBr/Ad35.pacI-rITRfib5: A PCR was performed
on the plasmid pBr/Ad35.PacI-rITRNotI (= pBr/Ad35.PRn see
WO 2004/001032) with primer DF35-1: 5’- CAC TCA CCA CCT
CCA ATT CC-3’ (SEQ ID NO:6) and DF35-2: 5’'- CGG GAT CCC
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Ad2HVRPan9 (1-7) , Ad2HVR | (1-6) , Ad2HVR24 (1-6) ,
Ad2HVR26(1 -6) , Ad2HVR34 (1-6) , Ad2HVR35 (1-6) |,
WRARLNRS3B (1- 6), AJ2HVRA9 (1-6) , Ad2HVR50 (HEBEP2005/055183
Ad2HVRPan9 (1-6) , Ad2HVRI| (1), Ad2HVR24(1)

HURIR on AR AR o AURIIEC)).

ceZe?in @%Hﬁ%% B3Pk 25 1 A8l4 8K s Aﬁ@ﬁkﬁesulted in
Ad50k2, Pan9k2 Adl | f2, Ad24f2, Ad26f2, Ad34f 2,

a AESt Dragpeisi 20T RRRrox inigoky 6 3hdmangtaptingorin the

RN l\l(%ﬁ%\f X qmi
£ nter%?%)#zlq\éir opr eval ence and t%ltchelrsSlti—E)eAc::l d e
Bdkdﬂs s anel vhald | iidespeced | Navetut ral PR ngaarpelbﬁdmeéd\lﬂdn)

P Tl o S0 e GbrriTY et fektry bed @y CAT CCG

cﬁpr@me@m eirRlanc (PRPP3AAG BET efty, Tze@4r@A mnrcmr@y

carcinoma cells were plated at a density of IxIO 4
(T | BD (NQ : §e| ¢onpp OBLRGe| 3 %ﬁ@ﬂb@%oﬁuﬁh%&t%ﬁtwqrﬁd

del et ed, C C
DT‘%e%oérat egr co%%?r ucf %m];@m?ﬁeﬁgl CI %?gof&'u *e&?l on
NG n®) ) THiSOECRM fé‘sﬂfﬁ@ﬂdusealmmdﬁagm@ms of serumin

200 n] reaction volunes. FolJlowi ng 24 h incubation,
PR F R Bt 49 tRP S et kg | 3E TRestir &y ‘E%ﬁi% of

riber Sieady-Q o pdCidLIase Seagedt s st em d RIOfRO8dd -with

90% neutralization titers were defi ned as the nmaxi num
Mkel uandiNdeT onremeitime i r28 5 e 90948 of rdqre¢riterfsem the

Vit Fur er tothe studlesd 9Os
A%% 7%% kfo expfsrl nent s wer el p%?? or rredc}% 0 g%%ess he
r&etOpy eVEh € eeR afth dWdn it | £:e5i6 D3 Nb amFat2rwed e Ad

serotypes in the developln wor |l d. The
d}w‘;%:ﬁ)a%t}bggléal V3¢ BamiI’ and the PCR fragment from

DF35-3 + DF35-4 was digested with BamHI and Ndel. Both
PCR fragments were ligated into the cut pBr/Ad35PRn
plasmid, resulting in the pBr/Ad35PRndFIB construct.
Then, the newly introduced BsiWI and Nhel sites were used
to introduce the Ad5 fiber sequence into the Ad35
backbone, by producing a PCR product using primers 35F5-
5-F: 5’-CGG GAA CGT ACG ACA CGG AAA CCG GTC CTC C-3’ (SEQ
ID NO:10) and 35F5-R: 5’-CGG CTA GCT AGC TTA TTC TTG GGC
AAT GTA TGA AA-3’ (SEQ ID NO:11) on Ad5 DNA as a
template. After this, the E3 region was deleted as
performed for de pBr/Ad35PRNJE3 construct.

A person skilled in the art will be able, by
applying general common knowledge with respect to
molecular cloning and adenoviral production, to generate
these clones, to insert fragments, to generate PCR
products and to delete certain fragments and to
eventually produce viruses in packaging cell lines.

Moreover, production and purification methods for
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neutralization assays from Sprangers et al . (2003)
was applied by using serum sanpl es obtai ned from
wheabbhng3@dul ts in the United States (N=19) , PEI/EP2005/055183

(N=67), Botswana (N=57), Zanbia (N=2 9 ) , and South

frica (N=59) .. A sho in figure LA, the Ad5 .
o g e i St aie s VA L 8 | et apivo and
id i$Bf 6o i dird heldhiher Stads in ltheontf ast, the Ad5S

ser ogr eval ence was 82%in Haiti, 93%in Botswana, 93%

in i FeCclpver 888 s St e e ¥ e ravprlleddsred tipelng
: oG Y : .

géﬁ%%l g EI gfﬁeri?haan tze I{rlrée |§%é ﬁ%@eﬁz&f%und II?% %eﬁe
stihledGtates (dagt I BassddeseonarBR X MK tieckaging

evj ous findi ngs (Kaostense et al. . 2004; Vogels. et a
ELE s Ss A tRe T ST Gtrin s tTr e JpeariaLss &
AdER S VU VEF $ Bhe PO RSN 14 Ny i Whpod H8E$1 i M3 Nevectors

devel oping world. In contrast, the AdlIl and Ad35

(detpprelatieride) aniPreYers Hetosubstahtdhlpyribnkssi vp)
R s i s R

higlid t nesh | 2d3 Sie5 previots ex@brpl @ Weraes faeshpwereditwitized
to determ ne the dom nant antigenic targets of
AR5 EHeed¥5 c (MNP h- both the USA and sub- Saharan

Afriea. w3 Vensd hﬁ]\b@é?ll.‘l@itéj&tv@&éﬁ%ﬁ M vectors were

crossreactivity between Ad5 and Ad35, the capsid
sichl hrealh ke Add/ vei350vi 2eistdse B presisd ¢igl Veici ¢ eepiser a1s

B A0S S Ll ¥ LS, ng -”&'f'rzegéié’é‘ec?sﬂ esr"?ﬁgbsusggds iber
ese vectors consi st of various conbinatl ons A
b il gl 350 e nenPexd D%, £ sl fih hed i ot @i Cs4 6 )N, tTieese
context of intact virus particles with wld-type
SRRGIEHE ki Het TR ( PRV SIRYEE eithtl el ighed gflth the
iR 1 c Thec b frefd GV ert oL S isiedeid 4N $inal Ad5 and
Ad35 based vectors (data not shown).

Following the same strategies, chimeric replication-
defective Ad35-based viruses were made comprising the
knob of Ad26 or Ad49. These viruses are named Ad35k26 and
Ad35k49 and use the CAR-binding capacity of the fiber
knob of the rare serotypes Ad26 and Ad49 in combination
with the hexon protein present in the capsid of the
backbone vector, which is also a rare serotype,
exemplified herein by Ad35. The nucleic acid and amino

acid sequences representing the respective Ad35k26 and

Ad35k49 chimeric fibers are given in figure 2E-2H.

Ad35k5, Ad35k26 and Ad35k49 viruses were compared in
their ability to provide transgene expression in vitro.
All vectors carried the SIVGag transgene. 7.5 x 10? A549
cells were infected with master virus seed stock wviruses

(unknown concentration of wvirus) for 2 h in a 2 ml
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study included Ad5f35 (Ad5 containing the Ad35 fiber
knob, -shaft and an Ad35-Ad5 chineric tail) ,

wWRAHBHB33b (AdS5 containing the Ad35 fiber and PEhEP1005/055183
the Ad35-Ad5 chineric tail, and penton) , and Ad35f5

v B L T Tty 2o Ao T e 1 -
G&P NP Bl 18y NADs tdd£T15a el %%bﬁr@lﬁy&@@eﬂgﬁiéﬂﬁtswﬁaing

Ad5f 35, and Ad5f 35p35; all based on Ad5 . Since the
uehpEi thof2The G 35h85MvRT BTl Hodhet PHEFRK Y
r r e n,
al?#e%ée{%a@g%%ge%{@t éai%]pfh eﬂprr%j lggﬁ%gg#é%d%f H?g{e% fic
eNIraxntviiy viest i reot el agaiusibe t hetf Adbrdiexom: t 1obes
but clearly detectable titers re al so ﬁ;\ ur ed

A A NS UF ot hamt U AdEEF MR Fh FPRG rred to as
dEB3ef i DR 1y wiesomst ragl g ¢ hatowslSed ibednspeci fd £ Nibs
were present at 5- to 10-fold |ower titers than
theishidveres specittetiireNabs has thighe s aspgesfipa@gbvity. In
ns i fi usi t he ' ,
e e | et (RS i bt i deee

oAEtE T 13540 35t Ity gesd sl ¢ had i fest oin speel £ ca el MNAbsr @by eslr
,at nost a relatively mnor role in this

IhRAREF TS HRT oV Bxanpl % e s o df Wsst 5 and
r A93OKS BECOPD1 BANEH L8135 DRSES YACH NESq A € | JRPNGER C

i'm the presence of anti-AdS inmunity. However,
h ¥ @eombl manm cAUBSL aaceipess siken | ag réompaiadd ytd ess
i_nmunogeni ¢_t han r.econbj 5v i s, i n t.he
e fud I LEeD oL ARl U BRI IR0 1 8

rddrsb Piobt edddrasy ol beent o eXEDFR4 PYi € 0 S eted 1 g
capsid chineric reconbi nant Ad35 vectors in which at

emedimghe abH3E¢ | bafeknbd i s repl aced

For a good production of adenoviral vectors on
packaging cells it is realized in the art that the E1B-
55K protein, generally available by a stable integration
of its gene in the genome of the packaging cell, should
be compatible with the E4orf6 protein produced by the E4
region of the wviral vector. It was found previously that
the Edorf6 protein of Ad35 was not compatible with the
E1B-55K protein generally available in known packaging
cells such as 293 cells and PER.C6®° cells (see WO
03/104467; WO 2004/001032; WO 2004/018627; WO 95/34671).
To circumvent using new cell lines with E1B-55K from Ad35
integrated in the genome, and thus to enable one to use
established production platforms as those provided by
PER.C6 cells, further constructs were made in which the
Edorf6 region of the Ad35 backbone was replaced with the
Edorf6 region from Ad5, in line as what has been

described in detail in WO 03/104467. The replacement of
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WO epbaassent )

with the AdS5 fiber knob (referred to as Ad35k5 for the
knob repl acenent and Ad35f5 for nost of the fiber

. Recombi nant Ad35k5 vectors werBCT/EP2005/055183
produced by replacing the Ad35 fi ber protein-encoding

e W meric fiber protein- in ne
Bt 6 T h v e et T 1 b e ators
b@€i st Ifieet inked 10 the ABudodeii kop 4o aghds

133-314) . Ad5 fiberspecific antibodies do not bl unt
t 3 1eEQH R ot U RS \ARTF HERS Cﬂwﬁﬁﬁ%@m city . The Ad35

fi ber knob does not interact wwith CAR since it is a

subgroup B adenovirus (Roelvink et al . 1998) but

Examgpbacdd ut Inmuresg€Oiiidi gy of sreem@ﬁ;mni( @dREE5 aendl
. The diff t. f direct th
AGTTRA cin SR Ot RISEARE AT 1 o 11 cki g
pat hivay si mmii &yl PUSi 6§ Ush eshdaye: shoynyd had sddes Sy

fi ber knob faC| litates rapid viral escape fromearly
CetRHSHIRE ¢htlhe r@lmmlflb%@m@rym@f\f%t@m to Ad5-

S%%‘Fi C?L%&?‘? ggelr\y(ig genones into the nucleus,

nobs from subfamly B adenovi ruses,
[ nclm\n@ mikd ands Agkl3oyp) easrd oimmirettdedniof raq4 r us
articles in |ate,endosonesand rec of a large

S4B ALK L r D BAP S i Fate baRaySRRReBov o al
Ad3§%;8f¢@§'%%ﬁfi@§.ﬁ%%@%ﬁt M'Leéﬁnaé:é@

encodi ng t he Ad35k5 vector was as f . The region
rehtioes nee t ke Adse f¢nbe¢h¢<r@bimn@ty$1m@élme@n®§epcm atple

scl dasaBS|W Nhel g into the
o et o PR s B Y enmiop
em&@@ﬂdr@wﬂ%e terx eqpéxa@ ed i Fen o Off Hi e Spodihh dYEH S 0 O M3 5-
encodi ng the Ad35 fiber knob. The nutant
bard AREREL PR E Y TRISES: plas Mot bt Friawid to the

BSU constructs, see WO 2004/001032. Control mice
(N=3/group) were immunized with empty Ad5 and Ad35
vectors. After 28 days a blood sample was taken and
immune responses were determined using a SIV gag ELIspot
assay as described below.

Figure 3 shows the results of these experiments and
indicates that all vectors were able to induce a proper T
cell response towards the SIV gag protein in comparison
to the empty wvectors, indicating that the insert provides

an immunogenic protein upon injection in mice.

Another set of naive mice (N=8/group) were immunized
with 10° vp or 10° vp of the Ad5-Gag, Ad35-Gag, and
Ad35k5-Gag vectors (all encoding the SIV gag protein).
Vaccine-elicited CD8" T lymphocyte responses were assessed
by D°/AL11l tetramer binding assays using the following
method: Tetrameric H-2D° complexes folded around the

dominant SIVmac239 Gag ALll epitope peptide (AAVKNWMTQTL;
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wkidieeB3® Gag gene,

t he pWE. Ad35. pl X- EcoRV (WD 2004/ 001032) cosmid and the
adapt or plasm d pAdApt 35- SI VGag, conprising the

were then co-transfected PCL/BP2005/055183
PER. C6/ 55K cells (see WD 00/ 70071 and WO 02/ 40665) |,

SRS T R, i VELLDh o SV e
utl BORed pes | i £0h ]Sw@@ﬂfl@wdqd,lyﬂ@ﬂlo@yﬂefsi &a-day

CsCl gradient centrifugation follow ng general

mmﬁ' |49t imRC R hotR WYy knoith 2%° ¢ HECR%S | PP peradn.

C h f shown
Il U o RPN o Rt S A TR 1 NS L2,
chlelmerm@ lgsshonh e fRedirel @31 (GEQ3 D NQ 12y )of Hire
Ad35f t.or was t c;aII made as outlin far
1R Y G R0ST i RSB hrad ke 11ed
aMlGE@ﬂpﬁhM@o(w9 cmgea{ | nB@r PRAMOIUEL, Usa) was

encoding a partial tail of AdS fiber |1nked to the Ad5
utibkzed hiad tStambn ARIEBfs1re i ko ChRT & myanoé@cmtetsr}e The

& FIRI ARG PALL flﬁhﬁa c°’<§n Pr?{n% %‘%.@dae . ed>£‘e9d in

roce ure was al so per orne usin
0 baokbom Ve tod 1 ey usi 5% I%Jté/!foﬁﬁmilddhe}'das Samples were
restrlctlon/clonlng sites. For vector details see

YTRA Y 2 WS B0 47 B 030 ONGL Tehet 12 A f%q]rjc}%l?]g
(%@M%f@ki’ﬂ&lperé@t{é@%lﬁ@ GONSA#CIc R M3 examined

pacl-rI TRf ib CR was performed on the plasmd
f@lBrs!w@I@Sln@a@ithlmldﬁ/P@:B ;mumm PRP8Se& Wpnphocytes

2004/001032 [ : CAC T
e S ek IRE 247 22 e fS doR S
em&m FA €A My (El'ﬂ'aﬁPschﬁG 3" (SEQ ID NO :7)

containing a BanH and a BsjW site. This PCR resulted
in SO aghent I B aphr G -heltefse 65 Bpest ¥ EE ng i n

c&ﬁkﬁafém Frul@bded £91 00, Y MYKhabot ho Bl U siahe
Ié%oré;ntly, at the lower dose of 10® vp (B), immune
responses elicited by recombinant Ad35k5-Gag were
significantly more potent than those elicited by
recombinant Ad35-Gag (p<0.01 comparing mean tetramer
responses among groups of mice on day 14 using analyses
of variance with Bonferroni adjustments to account for
multiple comparisons) and nearly comparable in magnitude
to those elicited by Ad5-Gag (p=ns). This is consistent
with prior observations (Barouch et al. 2004; Lemckert et
al. 2005). These data demonstrate that engineering the
Ad35 vector such that it carries the knob domain of a
subgroup C adenovirus (e.g., Ad5) provides a substantial
improvement of its immunogenicity towards the antigen
inserted into the vector.

These experiments were performed in the absence of
anti-Ad5 immunity, and it is shown here that Ad5 and

Ad35k5 raised comparable immune responses, while these
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BanH site was introduced. Next, a PCR was perforned
on plasmd pBr/Ad35. PRn with prinmer DF35-3: 5 - CGG

W@2M6QUBBECTA GCT GAA ATA AAG TTT AAG TGTI TTT TRJT/ERM05/055183

AAA TCA CG 3 (SEQID NGO 8 ) containing a BanH and a
Nhel TIG CIT TGG
hd

Sl s TR Tt fon g R T i b e

inpogrEnt © apps oxhaBtehy AdPkDpreSter tddgr BEd efhd hed3s
stop codon of fiber 35 to the E4 region. pBr/Ad35. PRn

hewen di Yest e AT M Bie dntaherel o T ERNT N & 2850 Hp

1NA r?gggﬁ 0 t Shpvi ng
m)stéo (%?é{)eirﬂs regi on&k% P@Rw#agrrent from
ndR35e 111 21 M 3e 21 waisy chgeest ®d tid hhdken @no Bamtdh £ adh .
the PCR fr t from DF35-3 + DF35-4 was di gest ed.
THETh B NS OBt b PR T LA 0§ G Bt
it NERe thes Sk cPBE £ %&P&H@lﬁﬁﬁﬂﬁlt%e@%ﬁ B Ad$e and
Br/ Ad35PRndFI B construct. Then e newy introduced

AGE Wased Teretors i adhwie lewd HonirRIoieaindrr Adsese

1 SRS 0 R L O L Ite D DRGKBRNR o D 1 00 K s
1 QG ACA EEH A TOG GTe2 GG T34 c8EQ ¢ D N2 dd)iwnd

35F5-R 5'-CGG CTA GCT AGC TTA TTC TTG GGC AAT GTA TGA
£iher Frdr@9mR MO 11) on Ad5 DNA as a tenplate. After

thi sz the, £3 negi op- Wage ded 18l € dhase Per { o1 iR d f 0L Gl e s
pBr/ Ad35PRNdE3 construct. A person skilled in the art

agdinsbethabl Bibdy rpptglmgnyeres afa tombrore &now Eelgeion .
AL eoect L IRLSEN A BLON AF 9ROOVER
némﬁmﬁmﬁﬁfhgtdbtﬁﬁﬁﬁfé§ PER i othct s il é oclgeled Por part
ofce{ﬁeal {]mxfugr?egrrl?enégor?sned éfo the host will be against the
hexon protein. It is important to note that experiments
wherein the recombinant vectors are compared with pre-
immunisation with parental vectors are to be performed
under conditions that mimic the natural (human)
situation, wherein wild type viruses infect a natural
host once or twice, inducing naturally occurring levels
of neutralizing antibodies. In mice in a laboratory
setting one can raise extreme immune responses by
multifold injections and high titer administrations.
Experiments mimicking the natural situation indicate
whether neutralizing antibodies that may be directed to
the fiber protein indeed are important for neutralizing
the administered adenoviral vector. They also reveal the
importance of the presence of the shaft region of the
fiber, which part is typically also available for
neutralizing activities.

We postulate that vectors comprising at least the

knob from adenoviruses that recognize and infect host
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eventual |y produce viruses in packaging cell lines .
Mor eover, production and purification nmethods

wo evoelossni ng adenovi ral batches that can be uBEHEP2005/055183
vivo and in vitro are also well known in the art. All

vectors_ discussed h [ n e obtained,usin ener al
okl iR 1 1Ealt o mATL G et (Dlfhd Po e st abl e
cEMEF i fnd &aSha Po PABEAGLSgON PER €5/ Hbie Packaging egbdid

lines (data not shown) . Gowmh rates and yiel ds of
(JAdB5K 5- MR QR v @ @ op ak BT @ wh 23S arnt 2a 1 e

a h . Apyeve at 4 of » Yi & al
S%ﬁﬁ%‘%e@%b’) r?%l%'l g%}%ae%'f orm ng AUCPI{’S Zl(%f%’) p\?\%irée' Ad49
arap pradX0 med et yexdi@=Todnk hvabheind oioddskito vediersuse they

00- 1000) as .conpared with Ad35 vectors_(10-100) . It
Cé{é%l%ﬁ s’%‘% rRﬂe"s‘i‘?%’g‘? eq’ %“(Ihe?g‘farfét%%? ot bRt e"%‘%t?‘?]f
pRdl &1 O 1RE OO e theih F16S PeGhd Y oerPt 015, i @ugh
their natural- or replaced fiber knobs (Ad5 fiber
ang @R ieC t PN AR aHtn VRS Srd s sdi nekpigedecdie 6 ) .
cific | . Still .

PLa TR o hate e cror B SadBh "0 R RS v

Ad5 and Ad35 based vectors (data not shown)

Fol | owi ng the sane strategjes,_chi [ . .
Exampiea | &fﬂ%‘f‘é‘%‘!‘?%c%%\ff%a%%%r \ﬁ% 34 Adinjeln mice
wiO B rSldeh d Benk Nahni A2 6 or Ad4 9 . These viruses

are named Ad35k2 6 and Ad35k4 9 and use the

CAR-Mgxidi ngheapaedtly of amel fAderikmobliof emethare

. ser ot es Ad?2 6 d Ad4 9 in conbination with the
iRELIBES AP O AL, St L SN TR AR AT Giips of

CYERDS ,midd CIN+46/ @t S0 A ware ses-oinpenisxenphdd iwdch 10°
herei n_ by Ad35. The nucleic acid and amno acid
VR et ¥ ehriir@fR i g T het P a5t F el P 35k Den et e

low/moderate levels of anti-Ad5 immunity. Ad5-specific
neutralizing antibody (NAb) titers in these mice were 64-
128 (Barouch et al. 2004; Lemckert et al. 2005; Sprangers
et al. 2003). As shown in figure 4C, tetramer'CD8" T
lymphocyte responses elicited by 10° vp Ad5-Gag were
essentially ablated in these mice. In contrast, 10° vp
Ad35-Gag and Ad35k5-Gag responses were not substantially
affected by this level of anti-Ad5 immunity. Importantly,
Ad35k5-Gag proved more immunogenic than both Ad5-Gag
(p<0.001) and Ad35-Gag (p<0.05) in these mice on day 14
following immunization.

The ability of Ad35k5-Gag to evade low/moderate
levels of anti-Ad5 immunity is consistent with the
previous findings that AdS5-specific NAbs are directed
primarily against the Ad5 hexon protein (see above;
Sumida et al. 2005). However, low levels of NAbs directed
against the Ad5 fiber protein in this prior study were

also detected. This experiment was therefore repeated in
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Ad35k4 9 chineric fibers are given in figure 2E-2H.

Ad35k5, Ad35k2 6 and Ad35k4 9 viruses were conpared in
wo Izm)ismu?.m I ity to provide transgene expressi onPCTIEP2005/055183

vitro. vectors carried the SIVGg transgene. 7.5 X

e ipfecte th master virus seed
o 9%35@% Tt ot conearnd e Toins 1 ¢ UAlSs 7€
p & Bnrdurd ¥&d uiei c&£ekd sh Wwes'é {ypendveshpdyapdywedkkuagd 4
for 48 h . Gag staining was eval uated by intracellular

weglss RtP Tst hgvadel praonntAdposremhibed VR %h@@lb‘bdl;ﬂ
tﬁcgéé e by ADad 54 5_ Py ié@vv@ayf@ly%a rye njg)er J fation

hi's experiment is that a's c nu Viral
anmltelcttesstvmls rmom,se‘iprameatdnwtlalca:mm becomparable

concl.ud efinitjvel et her Ad3 ows to
P e ha 1o st o R o ve  fetimer
soPeeid I Lractd Vikystdisany: Way, 260@ VeGh S Seess, to

have certain advant ages over the ot her vect ors, ei t her

2000 ) ephs crtown/ Gt owqpm 4By explreaes v D8V E| éymphggvée
ré‘%p&b%\g éfﬁ;lééﬁe}? ﬁ?%&%'#&%’ ghehes, of, Addakd. 9
snowea a I n

Signi fcant race ar expr essi on
imastlcespatbck tand emmeasrbmpaw&bamﬂes ﬂﬁosi‘ei?zﬁkcﬁ;caémi by

Ad35k2 6 . The recombi nant adenoviral vector Ad35k4. 9
Ad$O7 Gfib? ef BT ehiboti kD of Y hkS | v et f brid io%‘m%u@b%

pPEOLICL] O0\0l- QLEDP VLR 1 4REA 0 S 01 PRCKRGLRGs g1 |5 Tt

IS reallze n the art that the El B- 55K protein,
veeheral |y avail able by a stable integration of its

gene; in.t enone pac ceII shoul d be
corrpa?lebY Eg'i% Jtrheﬁll—ﬁor?% %f%? el n\g%ro ucsepde%lht%e E4
iriregh Dy of 1 1idetod rigfy veet @i imd £ avarsd 3 Drsrels g esvecowﬁs/,

nifat the Edor{6 protein of Ad3s vas not compatible
neutralization assays were performed. Groups of naive
C57/BL6 mice (N=4/group) were primed at week 0 with 10° vp
Ad35k5-Gag and then boosted at week 4 with 10° vp Ad5-Gag
or Ad35-Gag. As shown in figure 5A, tetramer’CD8" T
lymphocyte responses elicited by Ad35k5-Gag were
efficiently boosted by Ad5-Gag but not by Ad35-Gag.
These data suggest that Ad35 and Ad35k5 induced
substantial cross-reactive anti-vector immunity, whereas
Ad5 and Ad35k5 were largely immunologically distinct.
Consistent with these observations, mice immunized once
with Ad35k5-Gag generated Ad35-specific NAbs comparable
with those induced by Ad35-Gag but substantially lower
Ad5-specific NAbs (Fig. 5B). Thus, Ad35k5 vectors
exhibited serologic profiles more similar to Ad35 vectors
than Ad5 vectors.

To assess the generalizability of these results, the
immunogenicity of Ad35k5 vectors expressing another

antigen (Env: HIV-1 89.6P Env gpl20, for cloning details,
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E1B- 55K protein generally avail able in known packagi ng
cells such as 293 cells and PER. C6 (r) cells (see WD

WO 0d040360/; WO 2004/ 001032; WD 2004/ 018627; WIPCT/EP2005/055183
95/34671) . To circunmvent using new cell lines with

55K f 35 jnt th d th
sqe heroit SR el St Ty M B e Ere A0Sk [ R
oBSnidOSe Prova Dede by, RER Ss cef |1saiFaIrsdiEs/ € ansdd uct s
were made in which the E4orf6 region of the Ad35

W@M@e%p}%@ww@ PRER EHloFdEIs @yt B Y reh g

"%%%2*%%@3 A ot o he Eacr? 6 bl o e o2

rapmhe eckspomadds A@Bﬁebt&s@doyemw@ Hmt et td s tiere
t he

t di t
el S T T er ke BV E b MG ger ety and
A@3 5 rBGP N DEdt Ad@éﬁ@eﬁ@re@%ﬁﬂhﬁ%@%?@p%%é%

Ad5 and Ad35 The i mmunogeni city of the vectors was
(%ls%es@é)d Py dorpasreoht e EThES%’m? merie- foher carry| ng

vect 935695 A% ARG 09 % 51 MM, 13 $8

(N=5 gro were i ze ra nuscufarly w 1010

avipi Bethy St MGags  AA3D - SInMGaiy e Addbc BStp &t MGag o AOB ST
i b5 .BSU. SIVGag. The term BSU rel ates to the use of
Erf‘heo%n%%\ée%sw%lf%( IOt In 3 il eRehdvi T 3h FHenom ¢

dé‘é{%:%&da%&omc@t%‘ﬁur%oﬁ PE@REIa SXPr £6S1 i of . t hes—
pl X gene during the production of Ad35- based

webbmmtcmtme@veﬁmgmtetmﬂs ¥&0 atl fietb ahel BSY ML

constructs, 04/ 0 gl’ly C‘Qf\\%rol C
=Rt BT MR e o e R
pdle@p@ps&dé\ftﬁmﬁaomifaj@n@stbi@@)d ﬁanEPB@ VWéré a&,(BdSb]&Etﬂ for
I.munpe ressponses were determined using a SIV ga
2EE containing 2% BSA and 0.05% Tween-2 Sera
were then added in serial dilutions and incubated for 1
h. The plates were washed three times with PBS containing
0.05% Tween-20 and incubated for 1 h with a 1:2000
dilution of a peroxidase-conjugated affinity-purified
rabbit anti-mouse secondary antibody (Jackson
Laboratories, USA). The plates were washed three times,
developed with tetramethylbenzidine, stopped with 1% HC1,
and analyzed at 450 nm with a Dynatech MR5000 ELISA plate

reader.

Example 6. Immunogenicity of Ad5, Ad35k5 and Ad35 vectors
in rhesus monkeys.

To confirm the immunogenicity studies in mice, a
pilot study to evaluate the immunogenicity of these
vectors in rhesus monkeys was performed. Nine Mamu-A*01-
negative rhesus monkeys (N=3/group) were immunized
intramuscularly with 10" vp Ad5, Ad35 or Ad35k5 vectors

expressing SIV Gag and HIV-1 Env. Monkeys were primed at
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assay as described below. Figure 3 shows the results
of these experinents and indicates that all vectors
wowe/0ai3Be to i nduce a proper T cell response POWBPIISS/055183
the SIV gag protein in conmparison to the enpty
v i ndi catl g that the in ert rovi des
LA SR T I R R St T
wsst Df . @i yierdn rejéfb\tf&s}r@fu@igw €a1h TR ZEE- b i A09
vp or 108 vp of the Ad5-Gag, Ad35-Gag, and Ad35k5-Ga

lw&%r%ei%ﬁms%ﬁcwltﬂgeﬁ%ea@mﬂb%\g PPt 3 Env-specific
VaLel e Fsds | 0

c%sseissedﬁ{gh%%gill tet ra%é{;?@ @Xﬁifj‘;ﬁ%a u%?fffgdt he

pdéot 1 dav IllgﬂﬂetﬂmobsPdfetammys,c &h&&@lcmrvpém@sficolmad

J?%&Jﬁrld t he Som nantGL_; Vmaggs Gag ALI%? erg%léggzbga‘?tl de

nd\ef €2 PI £paf &l a?g@layg 4 Zn%jlﬁﬁpﬁé at thl o Spesi £ 1&g

T Iynphocytes from m ce using nethods known in the
irgrynidiusen bl Berl wRist ool 1 23 eeh | 15 RPM WaB 402 chntesti ay

décﬁ{ﬂg%hai‘&%é n. Following lysis of the Red Bl ood

of PEl abel ed Dd/ Pl 8 tetranmer in
conJ’m\@tAdﬁl wdtltmﬁ?(‘elabﬂté@dmaﬂt | £ €200 ad v EMBPQTY -

; Calta Bur]ingame, CA, USA) was uti|lized to stain
r%ﬁ%o%%%%u Pt epnS ghe W%%W FhZ el 9] R rexpected

(ﬂ@é@@a#mf@%&%ﬁéé‘é e 29 FBS@nto ipee it QM) |
PBS contai ni ng 1.5% par af or mal dehyde. Sanpl es were

blamatly%%@ WEQ@S%IWM mw cytlosimantyiahly FAOSSCd bur

cton ckl nso + T l hocy £S5 \we
OWlI] mo Q OUS ?%O% l mean
ex m ned tai ni TT aner. +

sﬁc)fwﬁarp@wi e& fwre@n rlas Ve iR .camer @mgsdmamq; agflecting
negative controls and exhi bited <0.1%¢tetraner

the ararHy. 920 ahivih ¢h Bigurellers 1 Advewrsatktindipbs

iN®fese animals (Fig. 7B). In contrast, the Ad35 vectors
elicited antigen-specific ELISPOT responses that were
approximately 2-fold lower than those induced by the AdS5
vectors following the initial immunization (mean 248
SFC/10° PBMC at week 12). Interestingly, these responses
increased substantially following the homologous boost
immunization (mean 876 SFC/10° PBMC at week 16; Fig. 7C),
consistent with the lower titers of vector-specific NAbs
initially generated in these animals (Fig. 7D). These
data suggest that Ad35 vectors elicited both lower
antigen-specific immune responses as well as lower
vector-specific immune responses as compared with AdS
vectors in rhesus monkeys.

The Ad35k5 wvectors elicited antigen-specific ELISPOT
responses comparable with those induced by the Ad5
vectors following the primary immunization {(mean 578
SFC/10° PBMC at week 12; Fig. 7E). Importantly, these

responses were substantially enhanced following the
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conpar ably i munogeni c at the high dose of 109 vp (A)
I nportantly, at the | ower dose of 108 vp (B) ,

WO povane3sesponses elicited by reconbi nant Ad35REF/ER2P05/055183

were significantly nore potent than those elicited by
nbi nant Ad35: Ga <0. 01 i
RS RERREE SEny POURS T L OV do) S el Ty A at
wasial yors ©f c M@nd1eng er v 1By efi®Nie Bl 1isd TNt Sw t 0

account for nultiple conparisons) and nearly
VRGFRET B €L F HC g t iRt 1ol b ho3enerdleed el by %S -TRipkey's

o Thi Sl s coRS] . ! Wy
ABETSlel T SpAoe SORTLRbEDN, A0 0Lt SRELAAIL 915, ne

Adiatleb desoinst 3 at ki ¢ hiatd etrgd neeld ngi ¢her AeE3S- vaeed dEnstch
that _it carries the knob domain of a sub u

SERIOHGUT e BT 1O R o b Ot i dfis dind Ad3s

vé s By eNBdite Sfe t | SthATAMDYEN d d o £ HVET Osi the Shtdgen
inserted into the vector. These experinents were

fretormaied CRYe aaiss &de &f lamphoarbei nABRPN§ESanll Week

j . 5 ' I
4 o R R R PP SR LR Y R G

udran Cihe- AekIbetvettatd Ch4+depposd areMC® (i@, tdmt BheC:
Ad35k5 vector carries the Ad35 hexon, which adds to
Adive MiYherP 1h2acsSReCY St Wy i nmune responses in

i ndi vidual s that do harbour neutralizing activity
agai nst_the hexon protein of Ad5 . Thus, the Ad35k5
Exanple 7s Gernpritiomtof) recembkinant AdSiveetrrsresence

c&ﬁtﬁﬁ%@éﬂ%ﬁ:{{%ﬂ‘é Test mn%@g{&,@?- and Ad35- based

vec essS | ogeni c under these

condrtié ameR e caflsdDfaddSrdibid Vito NEXDnE @f @i s z anghd

Ad35 is | ess i munogenic in_general_ because of its
Sqﬁ&q@@ f}%%@)kﬁ%% qﬁordlng to Rux and Burnett

(2000), of Ad5 according to Rux et al. (2003) and of AdS5
according to the present invention are depicted in table
I. Table II provides the seven HVR sequences of human
adenoviruses Ad5, Adll, Ad26, Ad35, and Ad48, and
chimpanzee adenovirus 68 (Pan9) according to the HVR
definition of the present invention. Specific positions
within the respective hexon sequences are also depicted.

Ad5-based vectors containing one or more HVR’s,
exchanged from Ad35 (subgroup B) or Ad48 (subgroup D)
were constructed.

In a more '‘minimalistic’ embodiment of the present
invention, the HVR’s of the above mentioned adenovirus
serotypes are defined in a somewhat shortened fashion.
These HVR’s are depicted with an asterisk in Table IV as
HVR(1-7)*. Using the minimalistic definition in
recombinant vectors, HVR1* is deleted from the backbone,
HVR2* is replaced with a short two-amino acid spacer

(QG), whereas HVR3*, HVR4*, HVR5*, HVR6*, and HVR7* are
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In cannot be excluded that neutralizing antibodies
agai nst the fiber protein may be rai sed upon

w0 nfoeoyizen. However, it is held that under natRPCEEP2005/055183
condi tions such neutralizing activities are niniwa

ile e |or part of the imune r onse of
okt 157 Do Sl TP THE XU Tt of o 3o Serpares
fEPOFRANG t KdOr N Lot Bk s EXRES & NBIYSi et Iy | hgvR7 is
reconbi nant vectors are conpared with preinmunisation

regefhlprd ahieh RREEOIRT afeotrp R Tk forhedihdeable IV) .
conditions that mmc the natural (human) situation,
wherein wild type viruses infect a natural host once
or tRacejal ridescdmogeratsir@bhtya ooty ring deﬂiﬁeﬁiﬁequences

neutralizing ant.i i es ce |n a | at o
SIS LR e B ST AR i R D

apat tffobfbhid eclions andetighptd dia a&m&a}sﬁm&

Experiments m m cking the natural situation |nd|cate
Coifretdier MEUteF i FRP@ntA bowi €T that I nAgcbel Hi et iedvas

t | ber t r 04 t
chE PR ST Re TR Sty TSR Sl P ey
r&b Bace evteal cd e s pagaod 1 reon ces of - Aﬁmﬂ;ﬁfﬁgmmnt(ﬁnt&hb Ad5
ion of _the fiber, which part is |caI

haf
CGHEL T 1500 o T ot LU T3 WP Gea vt B a1t ion

oPOSH &I A €rd Bk VB 05 S SOTH | S a1 Atplieasds the knobrrg,
from adenoviruses that recognize angjlnfect hostcel | s

seg aWQ:A@QZ(/éO @ 3) AdDhe AuBtamt ¢hdS apestids hergednpr i ity
t}%%e d tO]ETFlPJ:{]O enr;l gc%e{— agig{enco he C SI de%o{%roteln

Xon proteln neu ra |zed %

ofGﬁimlad¥ﬂmmuﬁﬁﬂﬁﬁld&§ﬁbyﬁ@@ﬁusAQQBJ dﬁﬁreﬁdﬂﬁhaﬂﬁ-
Ad50) are excell ent vacci nati on vectors because the

EERDF et hel HF @ HEFR o UNKHOVIFE By a RERABINT ovi s et orE1B

gene from Ad35 in PER.C6® cells, see WO 02/40665), and

Apal-

homologous recombination yielded recombinant AdS5HVR3S5 (1) -
Gag, recombinant AdS5HVR48 (1)-Gag and recombinant

Ad5HVR48 (1-7) -Gag viruses, wherein the ‘1’ indicates the
replacement of only HVR1 and wherein ‘1-7’ indicates the
replacement of all seven separate HVR’s. These vectors
were plaque-purified, sequenced, expanded, and purified
by CsCl gradient centrifugation according to general
procedures known in the art. The sequence of the hexon in
Ad5HVR48(1-7)-Gag is given in figure 11.

Besides the three viruses mentioned above, the
following recombinant vectors are also made: AdSHVR35(1-
6), AdA5HVR35(1-7) (fig. 12), Ad5HVR11(1-6), Ad5HVR11 (1-7)
(fig. 13), Ad5HVR26(1-6), Ad5HVR26(1-7) (fig. 14),
Ad5HVRPan9 (1-6) and Ad5HVRPan9(1-7) (fig. 15). ‘1-6¢’
indicates the replacement of HVR1-HVR6, leaving HVR7 of
the parent vector. Clearly, based on the several parental

vectors available (such as Ad2 and Ad5) and the several
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pre-existing inmunity in the human popul ation, high

antigenic insert inmune response, reproducible
w@emdoasson, efficient transduction and good sp@bEP100§055183

Exanpl e 5 . Imunogenic!ty of Ad5, Ad35k5 and Ad35 in

th t th
BT RIS | B 55 o TS [T S BT RARELE o
cHEEt Of SudBSg eyl Uad £6h 1 K3 Qshpsuoé $BT4N6 MEention.
O(I\I:4/group) wer e ?re i muni zed once with 1010 vp

EPES DEMRekadnobiris SRRt YRR s otﬁrlfﬁ‘o Hendratesed to
ol SN IDAPIRLE Lovelonole atls ity | el Ly o A SproT (s,

neutraI|Z|ng ant trters 1n these mce were
A, 1R ¢ Banduedc@t al . 2004; Lentkert et al . 2005;

Sprangers et al. 2003) . A s shown in figure 4C,

tetramer +CD8+ T | ynphocyte responses elicited by 108

E¥3inpd - 2 0riilifo SSSERL £l o 2d At RdBHVRASEBE dnge. I n
contrast, 108 vp Ad35- ég and Ad35k5- Gag responses

AGRHVR4D( 1 sThsriruses | in Naive apies and sin guige grith

L 5 4%155 y. Inportantly, Ad35k5-Gag proved nore
at??n{mn%%enﬂlﬂci@t[?é both Ad5- Gag (p<0.001) and Ad35-Gag

(p<m@5©utmmé‘@sﬁomee,e winltby Adcdmbioamthgdd5-Gag,
i mruni zation. The a Ill\é%‘{ of . Ad35k5- Gag to evade

AQRRYRARIEL 51T AR SPHEERS (g TRRAINT 51T RS JBIsT st ent
M&xﬁbé@eorﬂ’r&yépé’cf 144 Nl nos. thad p@ﬁ'zﬁd%\m@@%ﬂ%ag

directed primarily against the Ad5 hexon protein (see
wabhovempBa ba et e . r@@@@lnamﬁ\r@e@@ﬁaqf ol tevel ghepfeas

NAbs dlrected an |ber [ ot ei ' oy
e T Ty e LTS T SR T s e )

Gdc_fflafﬂflm eﬂdﬁpgmmimmE@py V\l’-tfbi‘tﬂ glhowey et lsaf tlaht Ad Petdag
Immunity. Mce were pre-imunized twice with 1010 vp
V¥%E§fﬁ&ﬁ% @ GerRregeian was first checked on A549 cells

infected with 10° or 10'° vp of each vector. HPLC data
indicated that intracellular Gag expression was
sufficient and comparable between the different vectors
(data not shown), although the expression from
Ad5HVR48 (1-7) -Gag was somewhat lower than from Ad5-Gag.
This could be related to the somewhat slower growth-rate.
The immunogenicity of the viruses was first
investigated by immunizing naive C57/BL6 mice (4 mice per
group) with 10°, 10® and 10’ vp of each vector. The
vaccine-elicited CD8+ T lymphocyte responses were
assessed by D°/ALl1l tetramer binding assays as described
above for two weeks. The results are shown in figure 9.
Clearly, all three vectors resulted in comparable immune
responses in these naive mice, despite the small
differences in growth rate and transgene expression.
Subsequently, C57/BL6 mice were pre-immunized with 2
injections of 10'° vp AdS5-empty, respectively 8 and 4

weeks prior to immunization with the viruses of interest
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weeks prior to vaccination. Ad5-specific NAb titers in

these mce were 8,192-16,384 (Barouch et al . 2004;
wheowske3so et al . 2005; Sprangers et al . 2003pCT/EP2005/055183

conparable with the highest titers found in

ilduals in su frica tense
NS St . 19250, Se D A ST i B e Hiing
i rhr@lif PERR T a 085t Tt}hé/rmmodawe ESPONS eSTIdh C{4€8 byeeks
Ad35k5 Gag were partially reduced in these mce and

fv@Fet%%n%h?%%lEﬁ%w%WWQWk%@ﬁ%?Rﬂuﬁ%ﬁkﬂﬂQQK%ﬁ¥§uﬁTTP¢%%ed
as a e qu']i&lﬂ i@well%wf afifithp d\gg 3 (%cymﬁ)ﬂéﬂtalié'% Gag,

suppressed t he i'nminbgenicity vectors .
A@EMVIETRIE] €1 ) rGdgirding rAdie a4 8 Vel orGapechdatn, nohmi ty

elicite th meric 35 vectors,
VA AT AL T GO D v hio B ae S o W T s
adead s | FAtHOMIASS AT eRIce RAHAME s SGVRURS Ofe 3 iR d

C57/BL6 mce (N=4/group) were prinmed at week O with
abigrge v pf el 35S - W%ndm%elrﬁmb@‘e edlr at Sk mvxﬁtwq@glo

s A0F UL MR 03 S0P LLGE b providea

s AnBEK5- ﬁ?e@.lm e(ﬁtfa chentdlyownopst ed by Ad5 Gag but not
by Ad35- Gag.. These data suggest that Ad35 and Ad35k5
A? n%%&%%t%%b%}f%rﬁqi%ﬁ%? oGRS R RIRIR M Fed R frexisting

ylnm%@ 5 AEL5; Ach AA3PkD Wergn{ & gl_eéé/ulted in an

[ mmno)f ogically stl nct. Consistent with these
hapdky mfp@mtsabm cmmmmnmmbme The AIRIBEKES (%)g—Gag

ener eC|f i C NAbs c
uceds%y gg%é Ut Ehet an aﬁ}llgq‘ll eleve SShti-
A@P@&Witfw M@@eitﬂr@g a@t.pﬁmxlse@ﬁwslmmp is at

exhi bi ted serol ogic }?rofl les nmore simlar to Ad35
leash pet limited "to HVR1 alone. Importantly, the
immunogenicity of the AdS5HVR48(1-7)-Gag virus was not
influenced by the Ad5-induced pre-existing immunity,
indicating that by mutating the 7 hexon HVR’s (as
identified herein) of Ad5 and replacing them with the
corresponding HVR’s of a rare serotype (exemplified by
Ad48) results in a vector that is not hampered by pre-
existing immunity against the wild type protein. Similar
results were obtained in experiments wherein mice were
primed twice with an empty Ad5 vector, representing a
situation with high levels of pre-existing immunity
(figure 21). This experiment was done with 4 C57/BL6 mice
per group. Groups of mice were pre-immunized with two
injections of 10'° vp AdS5-empty to induce anti-AdS5
immunity. Mice that were pre-immunized with Ad5-empty had
Ad5 NAb titres of 8,192 - 16,384. Mice were then primed
on day 0 intramuscularly with 10° vp Ad35-Gag and then
boosted on day 28 with either 10° vp Ad5-Gag, 10° vp Ad35-
Gag, or 10° vp Ad5HVR48(1-7)-Gag. All injections utilized
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than Ad5 vectors . To assess the generalizability of
these results, the i munogenicity of Ad35k5 vectors
we@xpresssng anot her antigen (Env: H V-1 89. 6PPEMEP2005/055183
apl 20 for cl oni ng detail s, see herein and Vogel s et al
ent strain of _mce was ev c%uat ed.

2 St o D ol ol e il (i S B UG s e

1ﬁm&iﬁi@WS®1@ddYSdﬂl§iE§-Q]9eﬂ@ S B Al 3kps Emy,
or Ad35-Env. Cellular and hunoral imune responses

Tel} i 128 198 AdSBk 54 EnvA Ve ct br 5o ety Alnt br el 3R

S%%ctor@ ég}agéﬁea%ﬁfdg%{%i%% ‘E%{?gg%é)iassays (A%%; EI(‘;A)

11an;mhdﬁtwtesp1e®$;6m¢sﬁl let day P ¢, BHRY-gdire HI1SHPOB awsays
erformed as_foll ows. . Serum anti bod ters from
b T IR & ie® Bia SR keoaapls S s (et
ndEASHERE) by @5 dbdCta Fld SARDEESES | Peds (iR Dpchust L&l
. 2003; Sum da et al . 2005) . 96- well plates coated

tl@ﬁ/e@mwl%ﬁwg 100t ht Aok | 1mlw#n31tyrg/1h48¢ e%@%%mtfalled
I,V- o) Y [
{IbOé n%/’g agn A@P &ues wer ecg}?_ ed Jf %W th

imRBEedibai m@goﬁ%ﬁﬁﬁ ﬁmﬁiuol%%d'meemsﬁmR&(n-wer e
then added in serial dilutions and i ncubated for 1
C‘b’r‘éﬁ RRE SRS FPFRATETreCut HPEY coitta |WH®

V&WEW&QS and dngubated dorndydn W& Jp2000r¢ 45

di lution of a peroxidase-conjugated affinity-purified
cmagbbﬁde@nitham@ﬂé%‘b%hbaw Hnes bory {Jacksoh an

boratorl €Sy USA) The pl at eS, Wer e she
SR o AN LA T cE i ATt SR AT

:wntih 1%1H§1ng§nﬁh@f@| eka&dt@EoH&@omwn wédtoa Qym eam
AN%)OOPS Ellfsl‘esc'ib\ al?é aatt eplglegede\;ector Combined with the prior
studies in the presentation, we conclude overall that
vectors as represented by Ad5HVR48(1-7) are both
effective priming vectors and effective boosting vectors
in settings of pre-existing anti-Ad5 immunity where AdS
fails.

These results now enable one to use Ad5-based
vectors in prime-boost settings, while the receptor

recognition (mainly brought about by fiber and penton

proteins) remains unchanged.
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but these responses were not

tc%.ge héght}{é CAVENEY EchL Sﬁg initial

Rherka&etf¥ol¢'owi hy the honol ogous boost
i mruni zation (nmean 608 SFC/ 10 6 PBMC at week 16; Fig.

S
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t he
mean
hese

7A), presumably reflecting the rapid generation of
hi gh [Oravderd offRWd5- spediuxi c NAbRukn t hefresemhi mal
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[HVRES S[164-264 6 oal Wees-22¢) . [18N1gY egigsnighy, |1
[HVFE5 POP5£529 212-219 264-270 none 212-220
[HVR4  [258-271 248-261 288-293 254-258  [248-258
|HVR5 278-294 268-283 307-330 272-280 |268-281
|HVR6 316-327 305-316 358-366 308 305-310
[HVR7  [433-465 422-450 482-489 420-422  |418-451
[HVRS 503-513 435-440
[HVR9 518-522 445-446
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T%énjcnaii (Fig. 7D) . These data suggest that Ad35
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HWS Adpsagor [disepRTRFRUX et al (2003) and of|s#alip NO:35
HVR6 286-291 |GTEDTS SEQ ID NO:36
HVR7 399-431  |DGIGVPTTSYKSIVPNGEDNNNWKEPEVNGTSE SEQ ID NO:37
Ad11
HVR1 136-157 IAEGVKNTTGEEHVTEEETNTT SEQ ID NO:38
HVR2 181-191  |LEVSDEESKPI SEQ ID NO:39
HVR3 209-219 [TDLDGKTEKYG SEQ ID NO:40
HVR4 247-259  |AKQKTTEQPNQKV SEQ ID NO:41
HVR5 269-278  |DAASQKTNLS SEQ ID NO:42
HVR6 302-307 |GTEDTS SEQ ID NO:43
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Ad26
HVR1 146-163  [ETKEKQGTTGGVQQEKDV SEQ ID NO:45
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HVR1 136-147 [TYKADGETATEK SEQ ID NO:52
HVR2 170-177 [TDTDDQPI SEQ ID NO:53
HVR3 195-205 |HDITGTDEKYG SEQ ID NO:54
HVR4 233-243  JANVKTGTGTTK SEQ ID NO:55
HVR5 253-263 |DNRSAAAAGLA SEQ ID NO:56
HVR6 287-292 |GTDDSS SEQ ID NO:57
HVR7 400-432  |DAVGRTDTYQGIKANGTDQTTWTKDDSVNDANE SEQ ID NO:58
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the adaptor plasm d pAdApt-Gag (encodi ng the gag
protein of Siman |Imunodeficiency Virus (SIV) ) were

wo bn/oessr ansf ect ed i nt o PER C6/ 55K cel | s ( har POLEP20g5/055183
the 55K EIB gene fromAd35 in PER. C6 (r) cells, see WO

T b M AT er ) TRl R P R St 4y
ve &Bgr a8\ ¢ LEONDI TANth AASHAAN S {dvdlt1&Rg M US®Bng the

_vvherei nthel " indicates the replacenent of only HVR
idenlt Whrat+on -7f §hrii dhieareme ¢ eprereremtivin a331d
v&;[ae/ separate HVR s . These vectors were
pl aque- purified, sequenced, expanded, and purified by
Csd gradient centrifugation according to general

nrocedurecs known in thao art Tha segHaence nf fhn hnvnn

Fat ol aehmﬁﬂc‘gadﬁnovws/vegtor, o‘ | Qbar.acteusm“f%a W8 14  pocides

S S rou
?Eﬁg o Eﬁﬁf@’c{o\i Ao "ﬁ'?g}gf s éé} gip..ﬁab.e
Ntan n man

ZXE %télrhn dﬁnglrﬁ geﬂt@}. Ad a5bARLi us(sero es1 hzee-,
pfoleu?)) fig. 13) Bdvine- & Qdéribvuﬁ)s fig.

RV ‘ci viéhitan £ selbetéd frérh itr@. grdup) .
I-6' i ndi cat es the replace
HVR7 of the parent vector.

e adnstind-Hf Riimbfvadenovimayvi ng

Ciseratypss, 11bak @6, ¥n3%, K8, 49 and

several parental vectors ava ﬁpéﬂpé'he@ln‘dho-é’spfmd@eddh@j if
_Ar‘l'%\ and the several known ra&Y db‘r types _pore

P T s PR e Lo an e ss@ ey egrow

hi ng of the present |nv w edthé a east H)gf\‘/ﬂf
atinfe cfstLt

adenOVI rus ser ot ypes t hat B

|JI UUUbU bl. Ud.l I. II 'I I I}\U Vﬂ""el'élﬂ RIS%'eréCt@\'i tH’él.l 6—th
% and Ad50. Exanple B . kAR s that
AdSHVRA8 (1) and AdSHVRA8 (1 prmharily iSeIRSCAR rd&@ﬂ)tb’ﬁ)nrﬂéeﬂ
and in mce with anti-Ad5 i (fatinfécion (human adenovirus serotypes
from subgroup A, C, D, E and F) and K
may be X or different.
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A s outlined above, viable reconbinant Ad5-Gag,

Ad5HVR48 (1) -Gag and AdS5HVR4 8 (1-7) -Gag viruses
wowe/opBeduced on packagi ng cells. The yiel d oPCT/EP2005/055183

Ad5HVR48 (1) -Gag was conparable to the reconbi nant

T%df%\\g virus, whereas the growh rate, yield and
Dfu'ratio of AdSHVR4 8 (1-7) - Gag virus was
ABPPT OlpL RS [Sequeh@ 0 T OWEr Than The AdS-Gag virus. The
B L S e R el T
H\Mégi € 1g§1'9\§nt. HitracetHular—CGag—expresston—v Cils N&ég
AVR%E ¢4 ,hei.iﬂts REF copparablebetween—the—ditferdRia D NOS0
HVRAG ¢ 02622508 51 KOQNGKLC b ovny ol ¢ hough—t he—expreSsp D01
HMRSGm ﬁﬁ&iﬂdﬂ? T-EEA(AGNC/?DNL}-QG vwas sonmewhat | ower SRR D NG ¥m
HVRE5 - G38P-308hi [Ecoul d he related to the sonewhaBEQ DN |
HVR7O Wt 432-4i5 e, |KTBRENGHRHPROTReni city of the virusecSEQUPINO:94
Ad48 1 st | i nvest|i gated by i mmuni zing na ve C57/BL6 mice (4
HUR1€e PsT159r degNcEdsbal@@a 108 and 107 vp of egediip NO:95
HWEE Of173-183€ ppaekeEdRGRE! C! ted CDS+ T | ynphocytigeq b No:96
HVRBE POPgLSsWEhEp assessed by Db/ ALTT tetraner DEEdio o7
HVRES Y B4 551 TORFREKEGEEFKPOVE 0T TWo WEeKS. The EESHH NSies
Sl A e T AR S ARl 751
H\)I“IR‘I%bC, 621:300'.,4"' kéﬁ p _ID.: dl ff CI Cllbgb I II U' UVVt ) ?%{DIC%G r,:)g
520 JSTIANTEWEKDT, L6 nPERQ 1"
Ad3p o | nizdd with 2 i nj pm‘l ons of 1010 vp Ad5-empty,
HWF’éEpe [187-168| VAISVTTAAAXA A I ' BEMIDAIQ: 192 |
HVRae v |1845ds bEEISAEmEéK%st(AdB Nab titers 8 , 193ECQ® NO:103
HVEB4) pted-1g6el [dita pre-exi sting i mrunity agai nstiSEdp NaiH4
HURase esiar . [KNSEpgsEkat 8 weeks fromthe first [SEQIDNO:105
HURsE- | palreez dlsSRTNERE m ce were 1 nmmuni zed as [gb@WwaNO:106
Hust N [R8R28910%emNnd 10/ vp of reconbl nant Adb- ID NO:107
HVR7*  |414-425 |NGEDNNNWKEPE SEQ ID NO:108
Ad11
HVR1*  [137-157 |AEGVKNTTGEEHVTEEETNTT SEQ ID NO:109
HVR2*  [181-190 |LEVSDEESKP SEQ ID NO:110
HVR3*  [210-212 |DLD SEQ ID NO:111
HVR4*  [250-259 |KTTEQPNQKV SEQ ID NO:112
HVR5*  |270-278 |AASQKTNLS SEQ ID NO:113
HVR6*  [303-305 |[TED SEQ ID NO:114
HVR7*  |430-441 |NGDNAPNWKEPE SEQ ID NO:115
Ad26
HVR1*  [147-163 [TKEKQGTTGGVQQEKDV SEQ ID NO:116
HVR2*  [186-196 [TDETAENGKKD SEQ ID NO:117
HVR3*  [216-218 [ENE SEQ ID NO:118
HVR4*  [253-262 |KPVNEGEQPK SEQ ID NO:119
HVR5*  |273-288 |[VPGGSPPAGGSGEEYK SEQ ID NO:120
HVR6*  [313-315 [TSD SEQ ID NO:121
HVR7*  |439-455 [TNGNDGAEESEWEKDDA SEQ ID NO:122
pan9
HVR1*  [137-147 |[YKADGETATEK SEQ ID NO:123
HVR2*  [170-176 [TDTDDQP SEQ ID NO:124
HVR3*  [196-198 |DIT SEQ ID NO:125
HVR4*  [236-243 |KTGTGTTK SEQ ID NO:126
HVR5*  [254-263 |NRSAAAAGLA SEQ ID NO:127
HVR6*  [288-290 [TDD SEQ ID NO:128
HVR7*  |414-426 INGTDQTTWTKDDS SEQ ID NO:129
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Ad5HVR48 (1) -Gag and Ad5HVR4 8 (1-7) -Gag. Again, the
vaccine-elicited CD8+ T | ynphocyte responses were

w@swessss by Db/ AL11 tetramer binding assays aBCT/EP2005/055183
descri bed above, for two weeks. The results are shown

POT results mrrored the tetraner

Tfl’a%njs ;/]gy';ﬁ%olotfjo%llfr%cgd simlar

results (data not

A s expected the Ad5-Gag vector encountered

pre-e

istin

immunity in these pre-inmmini zed

shown)
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76:182n JIDENWERREEGRE gai nst the wild type APEREING138

HV&iST |

$2-20ds |

NIEs were obtained in experinents

Q@ IDNG139

HURAT e

RES-2I8pr

KTRENGKRTEe with an enpty Ad5 vect

SEQ ID NO:140

HVRBDT e

2893270 N

LRONOTGGENNGON Wit h hi gh | evel s of

SEQ ID NO:141

HJRGE - ejpdsiarng

Tesomunity (figure 21) Thi s exp¢g

SEQENO:142
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BTA/ACPNBIBWO/NAKCE Per group. G OUPSE@MD NG-48

ore I m

n| ZeCI with twWo Inj ectrons or 1Ul
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| Yoot
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T oG ot
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KKEEEGKV
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SEQ ID NO:148
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ASD

SEQ ID NO:149

422-433

NGDETTTWKDLE

SEQ ID NO:150

62




10

15

20

25

30

boosted on day 28 with either 109 vp Ad5-Gag, 109 vp
Ad35- Gag, or 109 vp AdS5HVR4 8 (1-7) -Gag. Al

WO moeo¥izens utilizeda volume of 50 m . The arPOWEPIING/055183
the x-axis indicate i munizations. Blood sanples were

I at days 0, 7, 14, 21, 28, 35, 42, 49, 56
Rﬁ%%&&ill tetranmer staining assays to quantitate

vacci ne-elicited CD8+ T | ynphocyte responses. At day

56, | FN-gamma ELI SPOT assays were al so perforned and

Basronetl Rdrparabl e(7@34) t TuleRe3ehbt 1 showh) T S CHpBL it
f ai u I t re-existi
et s e R A Pl e
pr gsaved iys tdiugy tagn ttihe den tiimmAd 35 vi .l intmyu radd ucket dp 0

oot 1RO, SRS ettt
f Uy Qs A 1SQATE SArtufs neVEla fsSsatnhRes 2 ldnd $.

concl uded t hat AdSHVR48 (1-7) thus can serve as an
ef fSeitange Poostlid?y vector in settings where Ad5 fails,

R A R g e e s T

prin@creinidire o fi raddmvprreseniiatdiony twe iconduiden @edrialllar
that vectors as represented by AJSHVR48 (1-7) are both
ef QSR Tor iGfifrg TGS “8Rf 'ef fect i ve boosti ng

FYLCAOISE idk et ti DESoOf mUST £d SN b AU Iy ty
where Ad5 fails . These results now enable one to use
Adasask v ectdvigndan zgd reeldigositr set 9 igs;o i g :d 164
receptor_recognji,i (4 nly brou bout by fibe

SRRk o KOG (UL A Pty 8P oFor
Hy pefowarB alden aveghore defNat iMeen® Mi4d8 n t he hexon
protein of human adenoviruses Ad2 (according t

G @l M K5z al HAdh ISCHRILT 12 Ua058) AN BT HRE R o 7L 1o

RU%f hexon-chimeric adenoviruses: specification of

adenovirus serotype. J Virol 72:10260-10264

Ganesh S et al. (2003) Adenovirus 35 vectors with fiber
chimeras exhibit altered tropism in vivo. Abstract
134. 2003 Meeting of the American Society of Gene
Therapy. Molecular Therapy 7:853

Gall JG et al. (1998) Construction and characterization
of hexon-chimeric adenoviruses: specification of
adenovirus serotype. J Virol 72:10260

Havenga MJ et al. (2002) Exploiting the natural diversity
in adenovirus tropism for therapy and prevention of
disease. J Virol 76:4612

Kostense S et al. (2004) Adenovirus types 5 and 35
seroprevalence in AIDS risk groups supports type 35
as a vaccine vector. AIDS 18:1213

Lemckert AAC et al. (2005) Immunogenicity of heterologous

prime-boost regimens involving recombinant adenovirus
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and Burnett, 2000); Rux et al . 2003) and Ad5
(according to the present invention) . The HVR
waledosnissons of AdS5 of Rux and Burnett (2000) PCT/EP2005/055183
correspond exactly to the Crawford-M ksza definitions
based qn _the Ad2 ence.. Note that t.he HVR
QeI AT dr €14l 15 L RAG A0 By SEYR0ST difort 1o Rpagnee of
t abirg- j0ue13 dntnfithialisence wifrdihe dimigdeads Met hi oni ne
residue in the Rux and Burnett (2000) definitions
Lot NI 37t 18, e2@03) Tamperects  flgp|ergcine protection
ContdnyedTalhe 1l il e The GhidiRy i depliGal il delffitdve
adenovi rus vector accordi ng to the present 1nvention,
i nd0uding the identification of the different el enents
i thin id vect Table 1V, Table I V.
ORUSHE T S FEFERENCEY Bar TR 72 EYR0D4jector
| magegenisid e racamidiants adenmdiries wafitngpe b
vaccine in the presence of pre-existing anti-Ad5
i MAATIIeLing,| MhaTs e 297 aBerqgel $ovd Jmmamagenicity.
(1997) ..l solaf.i f a common receptor for coxsackie B
Vi Sﬁas%cslnaen(?jd eno5\?i ruses 2 and 5 . Science 275:1320
PBewd eAR M ed1 al (20 (AP D) A Gkt i s Al Cadral Ysésl b tdean
mechani_sm of , adenqvirus binding to its human cel | ul ar

r ecEptdr ATCAR SIS et 286 PISTE RAqSTa 1S9 ey Wwith

(Zq{gt)er%ﬁ@d.cﬁf’st ian-gefacdtd WAL 10ROk &arriers.
chi npanzee adenovirus. J Virol 75:11603 Gaggar A et al
(ROo3yune4 6 7ls &/ el | ul ar receptor for group B

adenovi r uses d.9-1408-Gal |l _J et _al .. (1998)
R L on i Lt St e o R G T
adenmean usesscysReeddicaid eerefr iaden@sIrys wsiertotsyreyrolip
Virol 72:10260-10264 Ganesh S et al . (2003)
Adéhdviiars msiifd @b RAGRIH FyHhetectors enhances

transgene-encoded antigen presentation to cytotoxic T
cells. J Immunol 166:5236

Roelvink PW et al. (1998) The coxsackievirus—-adenovirus
receptor protein can function as a cellular
attachment protein for adenovirus serotypes from
subgroups A, C, D, E, and F. J Virol 72:7909

Roelvink PW et al. (1999) Identification of a conserved
receptor-binding site on the fiber proteins of CAR-
recognizing adenoviridae. Science 286:1568

Shayakhmetov DM et al. (2003) The interaction between the
fiber knob domain and the cellular attachment
receptor determines the intracellular trafficking
route of adenoviruses. J Virol 77:3712

Shiver JW et al. (2002) Replication-incompetent
adenoviral vaccine vector elicits effective anti-

immunodeficiency-virus immunity. Nature 415:331
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chineras exhibit altered tropismin vivo. Abstract
134. 2003 Meeting of the American Society of Gene
wab@sama3o Mol ecul ar Therapy 7:S53 Gall JG et aPCT/EP2005/055183
(1998) Construction and characteri zation of

hexon- chi meri ¢ adenovi , ecification of
STV S B b s 9 STTH) B3t €07 HRhgH et
al ded2AUPheFXROIHING theedialds als idiqy efep i dtion-
adenovirus tropismfor therapy and prevention of
di sewsaperont glderevigs resttange Sratu diev. Mezb@P: 355
Viru e eropreval.er
At I s A AR S T S
18: 13 dagnickrerde TRACR iste aldend(VZ00E). IKepstageniJintpo tfum

het er Q| S prime-boast regimens involvin
r e GEhtI AN SN T SR e TEPHRE S35 PhFHARPECtS
Veaiarst lidy ,t e e e i iant icaAdiid munity. J Virol,
in press Letvin NL et al . (2002) Prospects for

Swyhigle | TRG prlotakt | 040 Gjai Adeneyicys | Rt YRMm antigpSshaft
An V. \Q; 7 h t et; al_.(200
ndaatten By ol AL e Yadnsde Sl G Hglbene |
vadtigre Mehi®l e: DC targeting, cross-neutralization
and i nmunogenicity . Vaccine 22:3035 Pinto AR et a

SRAREGTT fuctt it of (A4BY LAY P AP IFRTIEN T gen
thrugh A pHide LAoHodied MY MdirHelRr Q8RR ne
El - del et ed adenoviral vaccine carriers. J | nmmino
17 He8774 iRge Bastredls ing Z0GEx iMtghicy ieffurditantto vaccine
t .rar}lscfjucetnieoq:hoefrahunavne cr{:DonJ:osC.ytJe '(ﬁelrni \fﬁdc rdo n1dorli t4i 1% 5%%'6! S
Wtﬁ]SG%group 124
Sumida SM et al. (2004) Neutralizing antibodies and CD8+
T lymphocytes both contribute to immunity to
adenovirus serotype 5 vaccine vectors. J Virol
78:2666
Sumida SM et al. (2005) Neutralizing antibodies to
adenovirus serotype 5 vaccine vectors are directed
primarily against the adenovirus hexon protein. J
Immunol 174:7179-7185
Vogels R et al. (2003) Replication-deficient human
adenovirus type 35 vectors for gene transfer and
vaccination: efficient human cell interaction and
bypass of pre-existing adenovirus immunity. J Virol
77:8263
Wickham TJ et al. (1993) Integrins alpha v beta 3 and
alpha v beta 5 promote adenovirus internalization but
not virus attachment. Cell 73:309
Worgall S et al. (2005) Protection against P. aeruginosa

with an adenovirus vector containing an OprF epitope

in the capsid. J Clin Invest 115:1281-1289
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B fiber-nodified adenovirus vectors enhances
transgene- encoded anti gen presentation to cytotoxic T

w@ed0b®40330 | munol 166: 5236 Roel vink PWet al .PCLBPRYP5/055183
The coxsacki evi rus-adenovi rus receptor protein can
function_ as; a I attachnment praotein for

YR Tr ek er EROMEL Hofin cTBt ouphiokt 2iraigy for the
antgdnerak V¥ AJf EhHidRASY RaeddonHd RWtetadinov (@09 )Hum
Identification of a conserved receptor-binding site on
t hé&EFihdmh st dt¥iFHsl of CARrecogni zi ng adenoviri dae .
Sci ence 286: 1568 Shayakhnetov DM et al . (2003) The
interaction between the fiber knob domain and the
cellular attachment receptor determ nes the
intracellular trafficking route of adenoviruses. J
Virol 77:3712 Shiver JWet al . (2002)
Repl i cati on-i nconpet ent adenoviral vacci ne vector
elicits effective antiinmunodeficiency- virus
immunity. Nature 415:331Shiver JWand Em ni EA (2 004)
Recent advances in the devel opnent of HI V-1 vacci nes
usi ng replicationi nconpetent adenovirus vectors. Annu
Rev Med 55: 355 Shiver JW (2004) Devel opnent of an
H V-1 vacci ne based on replication-defective
adenovi rus. Keystone Synposi um on H V Vacci ne
Devel opnent: Progress and Prospects, Wistler, British
Col unbi a, Canada. Smth TAG et al . (2003) Adenovirus
serotype 5 fiber shaft influences in vivo gene
transfer in mce. Hum Gene Ther 14:777 Sprangers MC et
al . (2003) Quantifying adenovirusneutralizing
anti bodi es by luciferase transgene
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detection: addressing preexisting imunity to vaccine

and gene therapy vectors. J Cin Mcrobiol 41:5046
wevhde38M et al . (2004) Neutralizi ng anti bodP@BER2005/055183
CD8+ T | ynphocytes both contribute to immunity to

novi rus serotype 5 vaccine vectors . J Virol

. 2666 Sumda SMet al . (2005) Neutralizing
anti bodi es to adenovirus serotype 5 vaccine vectors
are directed primarily agai nst the adenovirus hexon
plot efnreplisrhihen-dyiert¥ve71850VbgBpBt RRAENQYirus

] i on- i Cl ' ype 35

Setorh Tor e AR R S AR e I
sdumeypree! 11, M4y azéi o3v anthb byphs st dDfanpd e5@&xi sdidg

denovirus imunity. J Viyol 77:8263 Wckham TJ et al
adenqugays | TRIEYTT TG pHE VPRt B RIPHA Y Gt 551N
aProsmie Adenayidotsaimt eFdial 4 28RO bt n POt deh d#srus

attachnment. Cell 73:309 Worgall S et al . (2005)
SPFQEERe i oMl hstafd  reeeruyirmsa V¢ etoanfwder®vi r us

o) ont.al ni r [ 1ope.] . capsid._J
i et et el Tt PRatvel SR 1 O% 18555 2exon
tigerepsnt i € hostamat agyi datid hergenat abf omtodredi reri ¢

reconbi nant adenovirus . Hum Gene Ther 13: 311CLAI M5 1.

A replication-defective reconbi nant adenovi rus

sel eched-£6aRY hBRL 96QERC6OPEESLERGrQingdeRONI EYS 1,

serotypes 11, 24, 26, 34, 35, 48, 49 and 50, said
whalesrovi the covprdenan al £hinemian faderoprotei serotype of
Sééﬁgg&8i69 at least a knob domain froma CAR-bi nding

adenovi rus

C

3. A recombinant adenovirus according to claim 2,

wherein said subgroup C serotype is Ad5.

4. A recombinant adenovirus according to any one of
claims 1-3, wherein said heterologous nucleic acid of

interest is under the control of a heterologous promoter.

5. A recombinant adenovirus according to any one of
claims 1-4, wherein said antigenic protein of interest
comprises a protein from a virus, a bacterium, a parasite

or yeast.

6. A recombinant adenovirus according to claim 5,
wherein said antigenic protein comprises a protein from a
virus, wherein said wvirus is a retrovirus, HSV or an

Ebola wvirus.
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serotype, wherein said reconbi nant vector further

conprises a heterol ogous nucleic acid coding for a
WO b@sapssd i ¢ or an antigeni c protein of intereBCT/ER2005/#55183

reconbi nant adenovirus according to claim1l , wherein

the kpnob domain_ is from an _adenovirys serotype. of

Sibor BupeestBsiany paRBhET RERe ARRdirALESaERe 8 Ry 1o
witd 9 1 2sa i dNeT @i Bai 4 SUbHOUPr G seimdype is AdS . 4.
_ A reconbj nant adenovirus according to any one of
igmapereflalengered ireal Bhet er ol ogous nucl ei ¢ aci d of

interest is under the control of a heterol ogous

pronmoter. 5 . A reconbi nant adenovirus according to
aBy OReretombanastladenwhéresnasaoddanyi genctapmolei n

of interest conprises a protein froma virus, a
Wisrg | a0 Soial et skt e G T0 duibied qne or

M NV & 31Ss SLEOF S NErd iR Eh @i JRres IMES @Iy S@hdl group of
~antigenic protein conprises a protein froma virus,
ingheredel ol naY risris Rroted oy ks iHSGroan &yl aol,
eégréQ g, A reconbi nant adenovirus according to claim
: W%erelh said virus is a siman or a human
i mmunodeficiency retrovirus . 8 . A reconbi nant

adenovi r us accordin% toclaim7 , wherein said,
héter Bl b560EPANRT B 8IGEPYLEYRPAFEBEIOAE bP FbReMgenes

wiset et egh {4 o £ Nge QENES-SNCOdi P 1 hE K OUD Offrom a
i mmunodefi ci ency virus proteins consisting of: gag,

Paod s itemwizrk hrefsald | parasiioerbl hantmabenoyt ¢aigsing
according to claim5 , wherein said antigenic protein
pa¥a51 . .
of Tnierest is froma

10. A recombinant adenovirus according to claim 9,
wherein said protein is a circumsporozoite protein, or an

immunogenic part thereof, from a Plasmodium species.

11. A recombinant adenovirus according to claim 10,

wherein said Plasmodium species is Plasmodium falciparum.

12. A recombinant adenovirus according to any one of

claims 1-11, for use as a medicament.

13. Use of a recombinant adenoviral vector according to
any one of claims 1-11 in the manufacture of a medicament
for the prophylactic or therapeutic treatment of a

malaria-, an Ebola-, an HSV- or an HIV infection.
14. A chimeric replication-defective recombinant

adenovirus comprising the knob domain from the fiber of

Ad5, having the amino acid sequence as underlined in
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parasite wherein said parasite is a mal ari a-causi ng
parasite . 10. A reconbi nant adenovirus according to

WwW@b@o0¥B30 wherein said protein is a circunspoPORBP1085/055183

protein or an innunogenic part thereof, froma
ecopmbi nant adenOV|

L o RS Uk s B el S S e

f+&m Phl@snodi um fal ci parum 12 . A reconbi nant
adenovirus according to any one of clainms 1-11, for
use as a nmedi canent. 13. Use of a reconbi nant
aqenoxi el nueeLOLAGRAT LAY LACADY: PRE QL LatHE 151l
i N the manufacture of a nedi canent for fhe

claiophi4 amhe:re)icn tdetdpeeton preativents of ram nal kowa-
an Ebp] a- FEA&F%L an HV infection. 14. A chineric

n?%ﬁﬁ?%%ﬁ?@ﬂ@ O hant adenovi rus

conprising the knob domain fromthe fiber of Ad5,
having the am no acid sequence as underlined infigure
2B6. aﬁdcblMGXQﬂ peplératipandafeerdvgpecdpibenant Adom

A, 350 EILITRLL o g EOBLIRN deNoy s, 206 g 1g

sai exon protein I's
ptoevsieut redidech agenoyi fHbe ses0dtygen Hadvw iy ctiidredrmino
re lication-defective reconbi nant Ad35 vector

*THF AP AR XM and a chineric fiber protein,
said chineric fiber protein having the am no acid
sequence of SEQID NO 2 . 17. A batch of a
rédonﬁihahchreﬁlacaetombaeaettreelédehévhrdszQSé@eon

ser of adenovi r us

a enov1rg£%3fro & flrgtrgu [ OHD V\ﬁlrst Sub?cP?P
orrpr_S| ng a C IITEYIC pro eln erern sa exon
si&dﬂ&déhdﬁﬂ¢m$S@@mﬁﬁﬂyﬁm§e§ diomethe hexon protein
wherein said hexon protein comprises sequences from the
serotype of said first subgroup and at least one hyper
variable region (HVR) sequence from a serotype from a
second subgroup, wherein said first and said second

subgroup are not the same.

18. A batch according to claim 17, wherein said first

subgroup is subgroup A, C, D, E, or F.

19. A batch according to claim 17 or 18, wherein said

second subgroup i1s subgroup B or D.
20. A batch according to claim 18, wherein said first
subgroup is subgroup C, and the serotype from said

subgroup C is AdS.

21. A batch according to claim 19, wherein said

serotype from subgroup B or D is selected from the group
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serotype of said first subgroup and at | east one hyper
vari abl e region (HVR) sequence froma serotype froma

w@E ewend3subgr oup, wherein said first and sai d BeDBPZNO5/055183
subgroup are not the sane. 18. A batch according to

oGl P PR PR Y (B ?%ci%zfrd.%%iob%é%%‘l9

ad A$Howherein said second subgroup is subgroup B or
20. A batch according to claim 18, wherein said
fi rst subgroup is subgroup C, and the serotype from

'20' ﬁuggE%pa&Bﬁdﬁq to2dn AoﬁgtBE QE%%Q' ng_59
a| m1 erern sald ser ot%}pe rom Subgroup B of
whesreseh ecd Bl dromethe lgoupqonstsin rrgprqﬁri%ﬁ Ithe!\d@éh:st
Ad2 Ad34, Ad35, A Ad49 and 22. A batc
e%v%'%eqw%n%%%/ Qﬁ\gRﬁTH me 172 S%\')h%? e‘i“ﬁRs%?cé“ences

<mmirefwm Nexad P4 ogeewtwémﬁ&ﬁssam dddsha SdwodM
sequences (HVR1-HVR6) , or all seven HVR sequences P

(HVR1- HVR7) from a serotype fromsaid second subgroup.

V\%s AAbB%ﬁBhaQS%QHEQg o3y OBk &f/ LakiRs1{922,

€ sequences R sequences af e
whdeom i hiehs es@fyqecd ¢ mm@ftmetﬂmb@e@mcé’é are from

bat ch according to claim 18, wherein the first
LR YRS Stdyrirf & Bngic VHERF R he at | east one

HVR sequence fromthe serotype of said second subgroup
is selected fromSEQ ID NGO 24-79. 25. A batch
acdor 8i hgtch atapndddy whecdihmt he, HVREredgueheefisst

electedfro [D.NQ 17, 24, 3 5 .52, 5
=05 AR & Mo siiin s S fhagpnd Wk
sequence from the serotype of said second subgroup is

selected from SEQ ID NO:24-79.

25. A batch according to claim 24, wherein the HVRI1
sequence is selected from SEQ ID NO:17, 24, 31, 38, 45,
52, 59, 6, and 73, wherein the HVR2 sequence is selected
from SEQ ID NO:18, 25, 32, 39, 46, 53, 60, 67, and 74
wherein the HVR3 sequence i1s selected from SEQ ID NO:19,
26, 33, 40, 47, 54, 61, 68, and 75, wherein the HVR4
sequence is selected from SEQ ID NO:20, 27, 34, 41, 48,
55, 62, 69, and 76, wherein the HVR5 sequence is selected
from SEQ ID NO:21, 28, 35, 42, 49, 56, 63, 70, and 77,
wherein the HVR6 sequence i1s selected from SEQ ID NO:22,
29, 36, 43, 50, 57, 64, 71, and 78, and wherein the HVR7
sequence is selected from SEQ ID NO:23, 30, 37, 44, 51,
58, 65, 72, and 79.

26. A batch according to claim 18, wherein the first

subgroup is subgroup C and wherein the at least one HVR
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fromSEQ I D NO: 18, 25, 32, 39, 46, 53, 60, 67, and 74
wherein the HVR3 sequence is selected from SEQ I D NO
wdad06A§3383, 40, 47, 54, 61, 68, and 75, wher eP@I/EP®05/055183
HVR4 sequence is selected from SEQ I D NO 20, 27, 34,

sd e DR i s T A5 1o g agdify b SR TS

sdfscend Tiom @y eim tdheo s MREo sequence i s sel ected from
SEQ ID NO 22, 29, 36, 43, 50, 57, 64, 71, and 78, and
wherein the HVR7 sequence is selected from SEQ I D

Ny723n Blrc/a éérd%%g 28 cP2in’26, Hflc £8;n 20nc ubR] CN

according fo ef erernt I'rst subgroup I's
ses@u@n@supiil sanle otheed ef rort REE@QTID etmt88)ne95rNRs(e2we1mﬁe,

o e ot second su u sel ect ed
{4 omado TEnd Phs And ™ £y SRibte o1 RS a2 et < i
s@ﬁecté’@efn%rﬁ‘ sme HYRo seguesse i3 selestetifyomBEQLD
88, 95, 102, 109, 116, 123, 130, 137, and 144,

1 9iheranth 1 HURR: &bk VRS set@etaer fFom SRl fron

@%Lreln ?ﬁ)1%%h3¥§g%ué%%e i'S se%@%? ﬁﬁ?%oﬁ?g%;éﬁﬁg 146,

wiNGOh e HORY dddyeddd, 1é2§elééﬁbd]fﬁkm1aﬂleﬂﬁ NO 91,
wherein the HVR4 se%gence is selected fromSEQ | D NO

9%1,10p, hbt, kh% 449, 4dh, 443, M, Lihd IR HRETRE n

H\hb Jiix%&%lua_e@(?@eléc% et S éﬁ@r‘i@:—k@)]@ NQ>9 9210@9
113, 120, 127, 134, 141, and 148, wherein the

11—3\/R61%(équ3821—6e 134 Bel &kt etnd rb‘h8 85@@@1\10 tigg, HURY,
107, 114 121 128 35 42 . , ei he
st rda s iy S AW o Sy TR W oulBhgr 4,

1408,1245,1322,1429,ard361 4443 n@nchd5din 26he AVl ch
according to any one of clains 17-27
sequence is seleéted from SEQ ID NO:94, 101, 108, 115,

122, 129, 136, 143, and 150.

28. A batch according to any one of claims 17-27,

wherein the HVR1 sequence is deleted.

29. A batch according to any one of claims 17-28,
wherein the HVR2 sequence is replaced by a linker,
preferably by a two-amino acid linker, more preferably by

the amino acids QG.

30. The use of an isolated nucleic acid encoding at
least one HVR sequence of an hexon of a human adenovirus
serotype from subgroup B in the construction of a
chimeric hexon protein, which hexon further comprises
sequences from an adenovirus from subgroup A, C, D, E, or

F.
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wherein the HVR sequence is deleted. 29. A batch

according to any one of clains 17-28, wherein the HVR2
waeemaonss) i s repl aced by a |inker, preferably byr/aP2005/055183

two-amno acid |inker, nore preferably by the am no

aci.ds 30. The use of an isolated nucleic acid
SRteari uiSi ehofnonorpiedehiohastortall RadRTh at

1 dukRNo s o | $dkguSed Ot yPeard rNosR Swgf CphBrd M ddnovirus
construction of a chineric hexon protein, which hexon

SEERE YreR %mﬁ%lé%r%%lﬁnje%stlﬁ’ PR R e res 4 rom
cl?ﬂp féjghé%(orf %rolj.%in,E whﬂ%h Fhe>§<}n E—Lli]]_etlyé]_e & ises

I sol ated nuc c acl d encoding at |east one

ssq@urrenee  Of orana h exdsn of 1 au s ufreen asddnproupisA SeB ot peE, or
fromsubgroup D in the construction of a chineric
hexon protein, which hexon further conprises sequences
from an adenovirus fromsubgroup A, B, C, E, or F
. 32. The use according to claim30 or 31, wherein the
aB2l-eBBe Bhe eVRCOsdynEnte riasw| ebted BlonviSECkiD Noe at

134 7 %00, 82 450, 3% A ChELLC, T ERLL 681 ofp el e6l v

adenovi 1 us based on a backbone aderovi rus conprising a

apen ol amd hexon protein of serotype X, wherein n
HVR s in the hexon protein are of serotype Y ,

further conprising a fiber conprising a tail and a

SB@ttAOEh§ﬁé9§¥p?eﬁlﬁegtﬁokn@@f@&t§§é°5&@ﬁo5ﬁrus based
wherein: X is an adenovirus serotype selected fromthe

onyrd Upa Clorei & t 3 den @f 1 ringinedmpdehovd ragesnticrblandg hexon
oL A" o 2 & SAN S 3 ANYIDE 10 B §1 1 end e fon
protein are of serotype Y, further comprising a fiber
comprising a tail and a shaft of serotype F and a knob of
serotype K, wherein:
- X is an adenovirus serotype selected from the group
consisting of: human adenoviruses 1-51, a simian-,
a canine-, an ovine-, a porcine-, and a bovine
serotype;
- Y is an adenovirus serotype selected from the group
consisting of: human adenoviruses 11, 24, 26, 34,
35, 48, 49 and 50, wherein X and Y may be the same
or different, and wherein n represents any number
of HVR’'s from 0 to 7, provided that if X # Y, that
n=1-7;
- F is an adenovirus serotype selected from the group
consisting of: human adenoviruses 1-51, a simian-,
a canine-, an ovine-, a porcine-, and a bovine
serotype, wherein F, X and Y may the same or

different; and
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serotype; Y is an adenovirus serotype selected from
the group consisting of: human adenoviruses 11, 24,
WQ@80068403385, 48, 49 and 50, wherein X and Y nmeRChDEP100&055183

same or different, and wherein n represents any nunber
of HVR ;s fromO to 7 rovided that if X F Y
n-= 157iSFapsadanguénBei E%OE@,‘P%t ‘y’xbétsBFé@ﬁéalifrBﬁ?Fh%AR
groupagoe§n§ﬁna9 pEcepuBRN RHEPaYh! HeB, 1x5&nday may be
sinmian-, a cani ne-, an ovine-, a porcine-, and
bOV|néh€eB@m§per dhéf@rﬁnF X and Y may the sane or
different; andK is an adenovirus serotype that
primarily uses CAR as cellular receptor, wherein K, F

5 , 3X.andciimeyibertpeisatkonr ddrétefeat adddoviAus
chi meri c repljcation defectjve adenovirus according to

AP I B, Loufet i HEr IERECArAt of e RATT @f tie tall
of LORL PIOLEI B4 {10ty | (M AF A0 fo ML TP P Ot L,R1 N

is of serotype X in the event that F Is not
protein is of serotype X in the event that F is not X.
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